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AH ANALYTICAL IHVESTIGATION OF ACQUISITION TECIINIQUES 
AND SYSTm INTEGMTEON STUDIES FOR A RADAR AIRCRAFT 
GUIDANCE RESEARCH FACILITEI--PIIASE EE 
Planned improvements of the runway facility at NASA Wallops conslsi 
of replacing the GSN-5 radar system with an FPS-16 radar supplement;d 
with a laser tracker permanently mounted on the radar antenna, Ths FPS-16 
radar will provide contine us, 360-degree tracking coverage for b t ~ t h  ~ b ' ~ i i  rt- 
and long-range operation, The laser will provide a high precision, Lob 
angle tracking capability for ranges out to approxiniately 6 miles oy 
generating and supplying antenna pointing signals to the radar angle 
servos and by providing a separate ranging or range tracking output, A 
real-time data handling system will receive and process digital t r a ck lng  
data and supply real-time outputs in digital or analog form, 
As the major users of the runway facility, NASA-LRC flight projects 
have had a major influence on the planning. Interviews with flight 
project personnel at NASA-LRC have established the following key requirc-  
(1) Position data accuracies near touchdown of tl ft. in the 
vertical direction and 22 ft, in the horizontal directions, 
(2) Rate data accuracies near touchdown of +1/2 ft,/sec, in 
the vertical direction and tl ft,/sec. in the horizontal 
directions, 
(3) Capability of tracking aircraft anywhere in the terminal 
area, including approach, Banding, taxiing, and take-off, 
(4 )  C a p a b i l i t y  of t r a c k i n g  and supp ly ing  p o s i t i o n ,  r a t e ,  
ILS-type, and o t h e r  s p e c i a l  purpose d a t a  f o r  s t r a i g h t ,  
p i e c e w i s e - s t r a i g h t ,  o r  curved f l i g h t  p a t h s  w i t h  t h e  
f l e x i b i l i t y  t o  change d a t a  o u t p u t s  and t o  a d a p t  t o  
any f l i g h t  p a t h  on s h o r t  n o t i c e .  
(5) O p t i o n a l  degree  of smoothing of a b r u p t  changes and 
t r a n s i e n t s  i n  o u t p u t  d a t a  r e s u l t i n g  d u r i n g  t r a n s i t i o n  
from r a d a r  t o  laser t r a c k i n g .  
P o s i t i o n  a c c u r a c i e s  s p e c i f i e d  i n  (1) above r e q u i r e  b a s i c  t r a c k i n g  
d a t a  o u t p u t  a c c u r a c i e s  of 50.13 m i l  i n  a n g l e  and t 2  i t .  i n  range  from 
t h e  l a s e r - r a d a r  combinat ion i n  o r d e r  t o  m e e t  r equ i rements  a t  a  50 f t ,  
b reakout  a l t i t u d e  on approach t o  t h e  most d i s t a n t  touchdown p o i n t  a t  
NASA Wallops from t h e  l o c a t i o n  of t h e  t r a c k i n g  system. Even though a 
l a s e r  system s u i t a b l e  f o r  meet ing t h i s  and a l l  o t h e r  requ i rements  i s  not 
a v a i l a b l e  as a n  "off- the-shelf"  i tem,  d i s c u s s i o n s  wi th  two l a s e r  tracker 
manufac tu re r s ,  Sy lvan ia  and ITT Corpora t ion ,  have determined t h a t  require- 
ments can be  r e a d i l y  achieved by m o d i f i c a t i o n  of e x i s t i n g  d e s i g n s ,  It 
is  f u r t h e r  r e q u i r e d  t h a t  any f i l t e r i n g  of t r a c k i n g  d a t a  t o  a c h i e v e  these 
accuracy requ i rements  b e  of a  p r e d i c t i v e  o r  "updating" t y p e  t h a t  r e s t i t s  
i n  no g r e a t e r  l a g  i n  o u t p u t  d a t a  t h a n  is  normal ly  c r e a t e d  by phase l a g  
of t h e  t r a c k i n g  se rvo  systems.  Computer a l g o r i t h m s  f o r  g e n e r a l i z e d  da ta  
f i l t e r i n g  are c u r r e n t l y  being developed by a n  independent  c o n t r a c t o r  under 
NASA Wallops c o n t r a c t .  The approach t o  f i l t e r  d e s i g n  i n  t h a t  e f f o r t  
i s  a Kalman fo rmula t ion ,  and t h e  approach,  due t o  s i m p l i f i c a t i o n  and approxi- 
mation,  appears  sub-optimal.  In-depth s t u d y  i s  r e q u i r e d  t o  de te rmine  
whether t h e  f i l t e r  w i l l  meet t h e  requ i rements  o f  nominal f l i g h t  p r o j e c t s  
and whether a d d i t i o n a l  f i l t e r i n g  r o u t i n e s  w i l l  b e  r e q u i r e d .  
Plans f o r  providing r a t e  d a t a  a r e  based an d e r i v a t i o n  of r a t e s  from 
p o s i t i o n  d a t a ,  and the  development of a lgor i thms f o r  t h i s  purpose is 
included i n  t h e  NASA Wallops c o n t r a c t  noted above, The a c r u a l  ach ieve-  
ment of s t a t e d  r a t e  d a t a  requirements under a l l  des i red  a i r c r a f t  mafzeuviz, 
condi t ions  by this approach i s  s t i l l  unce r t a in .  Because of the  i rnpurLdn 2 
of good r a r e  d a t a  to  NASA ERG f l i g h t  p r o j e c t s ,  i t  i s  recommended t h a t  
sof tware  being developed f o r  de r iv ing  r a t e s  be evaluatr-cl r e l a t i v e  t o  the- 
o r e t i c a l  bounds and t o  LRC requirements i n  time t o  a l low development oe 
a l t e r n a t i v e  software o r  hardware i f  needed. 
Delays in procurement caused p r imar i ly  by shortago of funds have 
caused s l i ppages  i n  t he  system a c q u i s i t i o n  schedule.  The most c r l t i c a i  
f a c t o r  now is l a s e r  procurement, Funds have n o t ,  r o  d a t e ,  been alLcrtat.eb, 
for t h i s  use. Radar i n s t a l l a t i o n  i s  now scheduled t o  begin i n  mid--,$tset 
1971, The radar  is expected t o  be ope ra t iona l  by June 1972, An a~kLLt;,~~ai 
three ~ n o n t h s  w i l l  be requi red  a f t e r  i n s t a l l a t i o n  f o r  i n t e g r a t i o n  o f  &Ire L , a s e r  
A mobile real--tinne d a t a  handl ing system employing a  UNIVAC 1218 comp~te~ 
as the  c e n t r a l  processor i s  near  completion a t  NASA Wallops and w i l l  be 
a v a i l a b l e  f o r  runway ope ra t ions ,  Because of t he  linli.ted computing 
speed of the corapnter, another  system having a higher  speed processor is 
beireg procured. This new d a t a  handling system w i l l  no t  be a v a i l a b l e  f o r  
runway opera t ions  u n t i l  l a t e  1973- Lc is  thus  planned t h a t  t he  UNSWAC E2s8 
system, wi th  the  GE-625 computer a t  NASA Wallops t o  s e rve  a s  a back-up 
c a p a b i l i t y  f o r  heavy computing loads ,  support  runway opera t ions  f o r  the 
i n t e r im  period u n t i l  t h e  new system is  available. Because of t he  l i ~ z i t e d  
computing speed, d a t a  f i l t e r i n g  during t h i s  i n t e r im  period w i l l  be l i m i ~ e d  
to f a i r l y  simple rou t ines .  It i s  reasonably expected, however, t h a t  this 
system, along w i t h  t h e  r ada r  and l a s e r ,  M i l l  provide a  c a p a b i l i t y  i n  
excess of the GSN-5 radar  systems p re sen t ly  used. 
Assuming funds  become a v a i l a b l e  f o r  a l a s e r  procurement c o n t r a c t  t o  
b e g i n  by September 1971, t h e  e a r l i e s t  d a t e  f o r  t h e  sys tem t o  be  o p e r a t i o n s 1  
i s  e s t i m a t e d  t o  b e  October 1 9 7 2 .  It is recommended t h a t  t h e  GSIJ-5 r a d a r s  
b e  main ta ined  as a  back-up sys tem u n t i l  i t  is  a s s u r e d  t l l a t  a l l  i n t e r f e r i n g  
d i s c r e p a n c i e s  have been e l i m i n a t e d  from t h e  new runway f a c i l i t y .  
Because of t h e  importance of t h e  NASA Wallops runway f a c i l i t y  t o  
NASA LW f l i g h t  r e s e a r c h  programs, i t  i s  i m p e r a t i v e  t h a t  NASA LRC r e q u i r e -  
ments c o n t i n u e  t o  i n f l u e n c e  development of t h e  f a c i l i t y .  It i s  t h e r e f o r e  
recommended t h a t  NASA c o n t i n u e  t o  c l o s e l y  c o o r d i n a t e  runwav f a c i l i t y  
development w i t h  LRC p r o j e c t  p l a n s .  
1. INTRODUCTION 
A e r o n a u t i c a l  and a v i o n i c s  r e s e a r c h  p r o j e c t s  a t  NASA Langley Research 
Center  (LRC) have f o r  s e v e r a l  y e a r s  used t h e  runway f a c i l i t y  a t  NASA 
Wallops S t a t i o n  f o r  conduct ing f l i g h t  t e s t s  t o  s t u d y  a e r o n a u t i c a l  phenomena 
and t o  e v a l u a t e  f l i g h t  hardware.  The n a t u r e  of many of t h e s e  t e s t s  has 
r e q u i r e d  a  sys tem f o r  t r a c k i n g  a i r c r a f t  and supp ly ing  s p e c i a l  d a t a  ta 
t h e  a i r c r a f t  i n  r e a l - t i m e  v i a  a  t e l e m e t r y  l i n k ,  Recorded d a t a  have a lso 
been e x t e n s i v e l y  r e q u i r e d  f o r  l a t e r  a n a l y s e s .  
The AN/GSN-5 r a d a i ,  sometimes supplemented by t h e  AN/MPS-19 radar,  
h a s  s e r v e d  f o r  s e v e r a l  y e a r s  a s  t h e  pr imary t r a c k i n g  and d a t a  a c q u i s i t i o n  
system. A s p e c i a l  s t u d y L  concluded t h a t  t h e  AN/GSN-5 r a d a r  w i l l  be inade- 
q u a t e  t o  meet t h e  p r o j e c t e d  needs of NASA LRC f l i g h t  r e s e a r c h  p r o j e c t s ,  
~t was t h e r e f o r e  recommended t h a t  an  improved system be a c q u i r e d ,  
Toward t h i s  g o a l ,  an AN/FPS-16 r a d a r ,  which has  many advan tages ,  
e s p e c i a l l y  i n  terms of t r a c k i n g  coverage,  d i g i t a l  c a p a b i l i t y ,  o p e r a t i o n a l  
f l e x i b i l i t y ,  and r e l i a b i l i t y ,  over  t h e  o l d e r  AN/GSN-5 r a d a r ,  h a s  been 
acqu i red  a s  t h e  main t r a c k i n g  dev ice  i n  t h e  new system. As t h e  FPS-16 
a l o n e  cannot  s a t i s f y  a l l  t h e  needed c a p a b i l i t y ,  a d d i t i o n a l  equipment 
such a s  a  f l e x i b l e  d a t a  hand l ing  system,  a  t e l e m e t r y  system, and a 
p r e c i s i o n  t r a c k e r  f o r  ach iev ing  h igh  accuracy n e a r  touchdown w i l l  a l s o  
be r e q u i r e d  t o  form t h e  t o t a l  system. 
L NASA CR-66891, 'h A n a l y t i c a l  I n v e s t i g a t i o n  of A c q u i s i t i o n  Techniques x j d  
System I n t e g r a t i o n  S t u d i e s  f o r  a  Radar A i r c r a f t  Guidance Research 
~ a c i l i t y  ," Cont rac t  NAS1-8912, Research T r i a n g l e  I n s t i t u t e ,  Researi:h 
T r i a n g l e  Park ,  N. C., January  1970. 
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The purpose  of t h i s  r e p o r t  i s  t o  p r e s e n t  r e s u l t s  of s t u d i e s  connected 
w i t h  p lann ing  an improved f a c i l i t y .  O v e r a l l  r equ i rements  f o r  t h e  facility 
a r e  p r e s e n t e d  i n  S e c t i o n  2 .  They a r e  based p r i m a r i l y  on an a n a l y s i s  o f  
NASA LRC u s e r  requ i rements  o b t a i n e d  i n  i n t e r v i e w s  which a r e  r e p o r t e d  In 
Appendix A ,  S e c t i o n  3 i n c l u d e s  a d e s c r i p t i o n  of t h e  f a c i l i t y  and the present 
s c h e d u l e  f o r  i t s  implementat ion,  S e c t i o n  4 p r e s e n t s  a n a l y s e s  of s p e c i f i c  
t e c h n i c a l  problem a r e a s  2nd i d e n t i f i e s  t h o s e  which need in-depth t r ea tnera t ,  
conclusions and recommendations evolving from t h i s  s t u d y  a r e  summarized rn 
t h e  p reced ing  s e c t i o n .  
Ihe requirements specified below are based mainly on discussions 0; 
faciELry needs w i t h  NASA LRC personnel on v a r i o u s  f l i g h t  research p r o j e c t S  
who are t he  niajor aise.tz c , C  the system. A sumary of t h e  discussiors is 
presented in 4-ppendlu A *  
2-1 Scope 
These requirements cover the capab i l i t i e s  and performance o f  
a d d i t i o n a l  instarmentat ion being acquired f u r  the runway f a c i l i t y  aa: 
NASA Wallops Station, The purpose of the f a c i l i t y  i s  to track aircraft, 
t I r r o r ~ g h  various f l i g h t  p a t h s  in the terminal area a11d to record aridjoy 
s u p p l y  tracking and other special purpose data in real-time t o  the saabc~aEt  
and t o  o t h e r  ground-based systems as weeded, For purposes o f  p r e B e a t ~ n p  
these requirements, Clie term ' facility hshal1. apply only to the syc8 cen~ 
ot newly added equipment, consisting of the m/FPS-16 (V) radar, a 
p r e ~ h b l ~ a  t racker ,  a data handlisrg system, and d telemetry sys&keail 
wha' cl~ will be configured to operate generally as descr ibed  i r k  Sec. '3, 
2 , 1  N u d e r  o f  Aircraft 
The primary function o f  the facility (as defined in Sec, 2 - 1 )  s h a i l  
be to t rack  and supp ly  da ta  i n  real-time on only a aircraft 
Howebar, the facility shall also be capable of participating i n  S1)IL1PL&-LE 
aircraft experiments by tracking at least one aircraft involved in che 
experxnrent while also accepting and pr%teesslng data from other krackinig* 
and ground-based systems along with t h a t  from the single aircraft being 
tracked, 
7 
2 - 3  Operational Flexibility 
The facility shall be able to: 
(1) adapt to asLgr aircraft, flight path, coordinate system reference 
point, ILS  path and sensitivity pattern, and data output 
requirement at relatively short notice. 
( 2 )  operate at day or night and under any, except very severe, 
weather conditi~ns. 
2 , 4  Tracking Coverage 
The facility, with appropriate tracking a ids  on the aircraft (setz 
See, 2 , 9 )  and within csnstrafnts requfrad for radiation safety ( ~ e r z  
See. 2 ,10) ,  shall be able to track any aircraft i n  any one o r  combinatlin 
of the maneuvers dee~ribed below, in accordance w i t h  the tracking ,%i:euracles 
specified i n  Sec. 2,5,Je 
(a) approach and landing from any point in the terminal a r e a  
through any straight, piecewise straight, or curvod path a s w n  
to any touchdown p o i n t  on any runway* 
(b )  take-off from arxy point an any runway t a  any point i n  the 
terminal area. 
(6) on-the-ground movement such as deceleration during landing, 
acceleration during take-off, and taxiing on any area o f  the 
airfield including runways, taxi strips ;and parking area8 t k a e  
permit line-of-sight observation frorn the tracker antenna 
position to the aircraft, 
(d)  any other airborne maneuvers within the terminal area, 
For purposes of these requiremanta, the termiekal area is d e f i n e d  as 
a circular area centered at the radar or tracker position and having a 
r a d i u s  o f  50 n .  m i l e s  and a l t i t u d e s  of 50K f e e t .  The minimum t r a c k i n g  
r a n e e  f o r  t h e  f a c i l i t y  s h a l l  n o t  exceed t h e  p o i n t  of c l o s e s t  
approach on t h e  c e n t e r l i n e  of any of t h e  runways n e a r  t h e  l o c a t i o n  o f  t h e  
t r a c k i n g  sys tems .  It is  recognized  t h a t  achievement of t r a c k i n g  coverage a t  
r anges  of l e s s  t h a n  1500 f t .  w i t h  t h e  r a d a r  may r e q u i r e  a i rc ra f t -mounted  s rnn-  
sponders  w i t h  b u i l t - i n  t ime d e l a y s ,  and such t r a n s p o n d e r s  w i l l  be provided rf  
t h i s  coverage i s  needed. 
2 .5  Tracking Accuracy 
For t h e  a r e a s  of coverage and a i r c r a f t  mot ions  d e s c r i b e d  i n  Sec ,  2-4, the  
t r a c k i n g  systems of t h e  f a c i l i t y  s h a l l  have t h e  c a p a b i l i t y  t o  t r a c k  a i r c r a f t  and 
.L 
supply t r a c k i n g  d a t a  t o  t h e  d a t a  hand l ing  system w i t h  t h e  fo l lowing  p rec i s ions :  
** 
F o r  range  - c 6 n a u t .  m i . :  +2 f t .  i n  range  and 20.13 m i l .  i n  
azimuth and e l e v a t i o n  
For range  > 6 n a u t .  m i . :  225 f t .  i n  range  and t 0 . 3  m i l .  i n  
azimuth and e l e v a t i o n .  
Re l iance  on a i rc ra f t -mounted  t r a c k i n g  a i d s  w i l l  be p e r m i t t e d ,  i n  
accordance w i t h  Sec. 2.9,  f o r  ach iev ing  t h e s e  t r a c k i n g  p r e c i s i o n s .  To t h e  
e x t e n t  f e a s i b l e ,  o p e r a t i o n a l  methods such a s  c a l i b r a t i o n  and e r r o r  d e t e r m i n a t i o n  
and compensation s h a l l  be  employed t o  minimize f i x e d  b i a s e s  and d e t e r m i . n i s t i c  
t ime v a r i a t i o n  i n  t r a c k i n g  d a t a  o u t p u t s .  
* 
The requ i rements  l i s t e d  a r e  t h o s e  r e q u i r e d  t o  a c h i e v e  t h e  accuracy  r e q u i r ,  amen t s 
s p e c i f i e d  i n  Appendix A-1. S p e c i f i c a l l y ,  a  21 f t .  p r e c i s i o n  i n  t h e  v e r t i c a l  
d i r e c t i o n  i s  r e q u i r e d  a t  a  b reakout  a l t i t u d e  of 50 f t .  on approach,  which for a 
touchdown p o i n t  n e a r  t h e  end of e i t h e r  runway 04 o r  10 w i l l  be a t  a  r ange  from 
t r a c k e r  l o c a t i o n  of about  7500 f t .  T h i s  t h u s  d i c t a t e s  t h e  a n g l e  p r e c i s i o n  of 
t 0 . 1 3  m i l .  The 52 f t .  p r e c i s i o n  i n  x a t  touchdown d i c t a t e s  t h e  52 f t .  precision 
i n  range .  
* * 
Range is t o  be  i n t e r p r e t e d  a s  s l a n t  range.  
2 . 6  Data Outputs  
The f a c i l i t y  s h a l l  have t h e  c a p a b i l i t y  t o  p r o c e s s  t r a c k i n g  d a t a  and 
p r o v i d e  d a t a  o u t p u t s  i n  r e a l - t i m e  a s  s p e c i f i e d  below. 
D i g i t a l  d a t a  s h a l l  b e  a v a i l a b l e  on an o p t i o n a l  b a s i s  a t  any sample 
r a t e  up t o  20 s m p l e s  p e r  second. I n  g e n e r a l ,  any of t h e  d a t a  i n  d i g i t a l  
form s h a l l  a l s o  b e  a v a i l a b l e  i n  analog form e i t h e r  by d i g i t a l - t o e a n a l o g  
convers ion  o r  by unconver ted o u t p u t  from any analog s o u r c e .  The f a c i l i t y  
s h a l l  have a  d i g i t a l - t o - a n a l o g  convers ion  c a p a c i t y  of t e n  (10) channe l s  
and b e  capab le  af  c o n v e r t i n g ,  a t  any of t h e  above sample r a t e s ,  d i g i t a l  
d a t a  having one s i g n  b i t  and m a n t i s s a  l e n g t h s  of a t  l e a a t  1 3  b i t a  f o r  
r e g u l a r  b i n a r y  f o m a t  o r  t h e  e q u i v a l e n t  r e s o l u t i o n  i n  any o t h e r  f o m a t ,  
C h a r a c t e r i s t i c s  l i s t e d  below f o r  t h e  v a r i o u s  types  of d a t a  represent 
t h e  maximum c a p a b i l i t y  t o  be  provided by t h e  f a c i l i t y .  C a p a b i l i t y  s h a l l  
b e  provided t o  o b t a i n  d a t a  w i t h  c o a r s e r  g r a n u l a r i t y  and s h o r t e r  word lengcha, 
f o r  example, than s p e c i f i e d  i f  r e q u i r e d  by a p a r t i c u l a r  test ,  Var ious  
degrees  sand methods of f i l t e r i n g  and smoothing of d a t a  s h a l l  a l s o  be  
a v a i l a b l e  t o  t h e  u s e r  on an  o p t i o n a l  b a s i s ,  Sn g e n e r a l ,  t h e  combined 
l a g  i n  real t i m e  d i g i t a l  d a t a  due te phase  l a g  sand t ime d e l a y s  shabb be 
h e l d  t o  t h e  minimum v a l u e  t h a t  p e r n i t s  the d a t a  p r e c i s i o n  requirements 
on a  p a r t i c u l a r  t e s t  a r e  m e t ,  
2 , 6 , l  P o s i t i o n  Data 
The f a c i l i t y  s h a l l  b e  a b l e  t o  p rov ide  measurements of a i r c r a f t  
p o s i t i o n  a s  fo l lows :  
Variables: 
-- 
FoEar Coordinates : Range, azimuth, and elevation 
Cartesian Coordinates: x, y ,  and z with x and y horizontal and 
z vertical 
.-:ation: At any point desired by the user 
: As desired by the user, 
Data Accuracy: 
Polar Coordinates : Same as tracking accuracy requirementts 
listed In See. 2 , 5  
Cartesian Coordinates: Compatible, after coordinate transformetlc~, 
with precision requirements listed fcsr po-a,.. 
coordinates, 
P o l a r  Coordinates: 0 , 2  ft, in range, 0,013 mil, in azimuth 
and elevation 
Careesian Coordinates: 0,2 f t ,  in x and y ,  0 - 1  f t ,  in z ,  
D 
- 
Polar Coordinates: 2L bits far range, 19 bits for azimuth 
and elevation 
Cartesian Coordinates: 22 bits in x and y and 20 bits in z ,  
2 ,6 ,2  Rate Data 
The facility shall have the capability to provide computed rates of 
eklange of any of the pasition variables specified in 2,6,l above, The genera? 
qualities required of rate data for runway facility appPicatians are high 
accuracy, ininimal lag, and bandwidths and data rates which a r e  compatlbLe : I t h  
I.he test n e e d s ,  'Ihese S n i,-urn, are depesident upon the precision and ban& $ d h h  
of input data, s a ~ ~ p l i a ~ g  raves, and cbarac re rS . s t i c s  of t h e  f i l t e r  f o r  derlv: g 
r a t e s .  F i g  2-1 i l l u s t r a t e s  C k r e  accuracy i n  output rate d a t a  from a S L T * ~ I ~ ~  
c-wo.-psant differentlator a s  a  furxction o f  the tine w i d t h  o f  t h e  filter ~ c ; X g - ~ ~ & i n g  
ta~iketion far given n o i s e  on the i i l p u t  p o s ~ L i s r a  daea , "  (Note t h a t  the  Jag i t ?  
o u t p u t  Is always one-half t h e  srnaothlng t i n l e . )  S i n c e  this rep'reser"r8 ~cssent ia9i ,~  
a wursl -ease ,  i t  can be used f o r  gauging other methods,  Other  method.) are 
r e d d i  ly Ltnown t o  p r o v i d e  improvement ,** The Eacl E f ~ y  sElaPl have se~ies k* L \:"?l,ttiifi>ilier 
rate estimatjon r o u t i n e s  ava i l ab ik  t o  usera on ark optional b a s i s  which are ~hp 
t l r n a l  far expected test condittons, 
Requirenkents over t h e  f r s l h  range of tracking caTJerage and test ~ ' ~ i r d i ~  { t r r r s  
, ~ a  ncr t a v a i l  able;  however, the fallowing raqalirements shall serve as a s I 4 t i  ng 
y o i a l ;  and goal. f o r  developmertr of t h e  capbbl1.s"t-y BOP p rov id ing  r a t e  d a t d :  
(1) FOP range c 1500 E c ,  , a l t i t u d e  50 f t ,  , cans t an t  a c c e l e r a t i ~ l u ~  
-- - 
.: 6 f t, /sec,a and peak acceleratJonu cs 14 f t  , /sec,Z - acctlr~~e:Je:~ 
-- 
i n  d e r i v e d  rostes o f  1C.l ft,/sec, Jsr x ,~ad y ra lea  and k0,5 
ku z rates, 
1 2 )  For 7500 f t ,  *c range - .: 91100 f t , ,  a l t f e u d e ~  100 f t .  and pedk 
iaceelera~ionis t o  1 6  .kt, / s @ c , ~  - ~ L : ~ L L S ~ C ~ C B  in rate  data o f  :B-8 r i  / a e ~ ,  
In x, y ,  and z rates* 
2 ( 3 )  For range > 9000 Et, and peak acceleration t o  16 ft,/sec, - 
- 
accuracies of 1% of maxitt~um i n  x ,  7 ,  and z r a t e s ,  
D L ~  i ~ d s  granul .ar l ty  and word l eng ths  s h a l l  be as f oS lows : 
*For example, to obtain a n  rxm o f  P ft,/sec, i n  rates from p o s i t i o n  d a t a  k i14 t t  
has a B = 1 Et, requires a smoothing time of X,4 see, which also results iu a 
l a g  of 0 - 7  sec ,  
**See Sec, 4 , 2 ,  
a = standard deviation of i n p u t  
X 
noise on position x 
a. = standard deviation of n u t p u b  
X 
rate 2 
Input noise on x uncorrelsted 
from sample to sample, 
Smoothing The, ts, in Sec, 
Fig. 2-1, Accuracy of Rate Data Output from a Simple Differentiator as 
a Function of Smoothing Time. 
Digital Data Granularity: 
Polar Coordinates: 0.1 ft/sec. in range, 0.008 miP/sec, in 
azimuth and elevation rates. 
Cartesian Coordinates: 0.1 ft./sec. in k and 9 ,  0.05 fto/sec. 
Digital Data Word Lengths: 
Polar Coordinates: 15 bits for range rate and 18 b i t s  for 
azimuth and elevation rates 
Cartesian Coordinates: 15 bits for k, 9 ;  and i, 
2.6.3 Other Data 
The system shall have the capability to supply other data in digital 
or analog form which is either supplied directly from the tracking systems 
or derived by special computations from tracking system outputs, These 
outputs will typically include but not necessarily be limited to the 
following types of data: 
(1) AGC voltages, 
(2) servo lag error, 
(3 )  glide slope and localizes errors and error rates, 
( 4 )  aircraft pitch and bank commands. 
Accuracy and (in the digital case) granularity of this output data 
will be commensurate with that normally provided by the tracking system 
or the position and rate data from which it is derived. Data rates will 
generally be the same as those for position and rate data. 
2 , 6 , 4  Spac ia l  Prsvl s Lsiia fur Uctsta r ~ a r l a i e n t s  and Missing Data 
Data T r a n s 1 2  
The faciLitp shai i p r o v i d e  ura A a>p(  d c ~ G 1  basis to the user variislls 
;egrees o f  srilaothirtg al;rup.e changes sn d a t a  that nzay result irk s w i t c h o l i - r  
rLom owe tr;aekl.ng made to anotiler $as from radar t o  Laser tracker and 
$ f e e  versa).  The degrees of smoothing s h a l l  range from no smoothing t o  
a gradud 8 transitJon over a max~niurll p r r i t s d  af f I f  Leen ( 1 5 )  seconds, l r b f i t  
smns i3f S W ~ I C ~ I O V ~ T  of' t raeki~sg inude shaL1- be aviflllablr I n  real time tii 
t h e  t a c i l j t y  operator&s] and rn o u t p u t  d a t a ,  
The Eaci lLty s h a l l  pro l r ids  means of xnd l ca t i ng  to Lhe facility 
uigeeaeor(s)  when samples of t r ac l~ ing  data  are missing, The indication 
mlsslng data  and des~gnatlon af the kime o r  samples missed will 
r$sci b e  a \ r a i i ab l a  Ln urltpur ilcrca 1he kaci b 3 ty s h a l l  ,akso prov:ide 01 
l L ~ ~ a o n a i  b sis means sr extraya!atAou or in~krpalation t o  f l L L  in rnssslhlg 
d , % b  - * 
L,? Data Recording 
T'aaa f a c i l i t y  a h a l l  have exte~~:lsive e,ompl,emeat of data reccrrdxa~g 
e % ~ ~ p i n s n t  e u  p e ~ m i t  recording of da ta  needed tor p o s t  f l i g h t  evaluation, 
t;eeat though each f l i g h t  rest program tnay not reyufrc all. s f  the eowaflabLa 
~ r ~ c o r d i n g  c d p a b i l l t y ,  the fac i3 . l t ) r  s h a l l  have as o rwininlm the  EoBlawiug 
data recording capab i l i t i e s :  
D i g i t a l  Magnetic Tape Recording: Capabil i ty t o  continuously record 
a l l  real-time d i g i t a l  da ta  outputs  on d i g i t a l  magnetic tape  a t  
sample r a t e s  up t o  a maximum of 20 samples per  second and i n  seven 
o r  n ine  t r a c k  IBM compatible form. 
X-Y P l o t  Boards: P l o t t i n g  board f a c i l i t i e s  capable of providing a t  
l e a s t  two separa te  p l o t s  of any output va r i ab le  versus any o the r  with 
p l o t  s i z e  and p l o t t i n g  prec is ion  equivalent  t o  o r  g r e a t e r  than the  
capab i l i ty  current ly  provided wi th  t h e  GSN-5 radar.  
Analog S t r i p  Chart Recording: S t r i p  char t  recording f a c i l i t i e s  capable 
of recording a t  l e a s t  8 analog voltages plus one channel on each char t  
f o r  timing marks with recorder s e n s i t i v i t y ,  speed, and recording s i z e  
comparable with t h e  capab i l i ty  current ly  provided with t h e  GSN-5 
radar.  
Audio Recording: Magnetic tape  audio recording f a c i l i t i e s  capable of 
recording a t  l e a s t  two channels of audio s igna l s .  
2 .8  Data Telemetry 
Telemetry needs vary extensively from pro jec t  t o  p ro jec t ,  and with the  
exception of ILS s i g n a l  transmission, da ta  l i n k s  have been general ly supplied 
by each p ro jec t  t o  s u i t  i ts own needs. Since no s p e c i f i c  plans have 
been made f o r  acquir ing a s i n g l e  system t h a t  w i l l  s a t i s f y  a l l  user  needs, 
the  statement of requirements t h a t  follows is presented a s  a general  
guidel ine  f o r  f u t u r e  considerat ion of telemetry equipment acquis i t ion .  
The f a c i l i t y  s h a l l  be a b l e  t o  a r t i f i c i a l l y  genera te  from computed 
l o c a l i z e r  and g l i d e  s l o p e  e r r o r s  and t o  t ransmi t  ILS-type s i g n a l s  with the 
o v e r a l l  c h a r a c t e r i s t i c s  and c a p a b i l i t y  equiva len t  t o  t h a t  c u r r e n t l y  
a v a i l a b l e  wi th  t h e  GSN-5 system. 
2,8,2 Other Up-Link Transmissions 
The fol lowing a r e  c h a r a c t e r i s t i c  of t h e  type of up-1.ink data  
t ransmission c a p a b i l i t y  t o  be considered i n  fu tu re ,p l ann ing :  
( I )  wideband analog--two simultaneous video s i g n a l s  each s f  several 
megabert z bandwidth, 
(2)  multi-channel analog--up t o  t e n  simultaneous channel8 wi th  band- 
widths c o l l e c t i v e l y  not  t o  exceed frequency responee capabi1i t l .e~ 
s p e c i f i e d  by LRSG s tandards ,  
(3)  digi tal--up t o  t en  words having a length  equiva len t  t a  18 b ina ry  
b i t s  and sample races  t o  20 samples per  second, 
( 4 )  riming signals--NASA 28-bit  a r  36-bit codes, 
2,8,J Dom-Lfnk Reception 
The following a r e  c h a r a c t e r i s t i c  of t he  type of down-slink data 
recept ion  c a p a b i l i t y  t o  be considered i n  f u t u r e  planning: 
(1) wideband analog--two simultaneous video s i g n a l s ,  each af 
s e v e r a l  megahertz bandwidth, 
( 2 )  multi-channel analog--up t a  t en  simultaneous s i g n a l s  with 
bandwidths c o l l e c t i v e l y  not  t o  exceed frequency response 
c a p a b i l i t i e s  s p e c i f i e d  by IRJG s tandards ,  
( 3 )  dig i t a l - -up  t o  t e n  words having a l e n g t h  e q u i v a l e n t  t o  1 8  b i n a r y  
b i t s  and sample r a t e s  t o  20 samples p e r  second. 
2 - 3  Use of Tracking Aids 
Recognizing t h a t  meeting most of t h e  t r a c k i n g  requ i rements  w i l l  require 
c o o p e r a t i o n  of some t a r g e t s ,  a i r c r a f t  nlounted t r a c k i n g  a i d s  such a s  r e t r o -  
r e f l e c t o r s ,  t r a n s p o n d e r s ,  and a c t i v e  s o u r c e s  w i l l  b e  p e r m i t t e d ,  G e n e r a l l y ,  
such t r a c k i n g  a i d s  must conform t o  c e r t a i n  s i z e ,  w e i g h t ,  power, l o c a t i o n ,  a i d  
aerodynamic requ i rements  which w i l l  va ry  among d i f f e r e n t  a i r c r a f t  t y p e s ;  
however, most a i r c r a f t  of t h e  t y p e  used i n  f l i g h t  t e s t i n g  have a wide 
range of t o l e r a n c e  on t h e s e  pa ramete rs ,  The c o n s i d e r a t i o n  of t r a c k i n g  
a i d s  w i l l  t a k e  i n t o  account  t h e s e  parameters  w i t h  a  goa l  of  minimizing 
demands on t h e  a i r c r a f t .  1 s  i s  expected t h a t  u s e r s  of t h e  runway w i l l  
a l s o  c o n s i d e r  t h e  parameters  when s e l e c t i n g  a i r c r a f t  f o r  t e s t i n g .  
2 - 1 3  R a d i a t i o n  S a f e t y  
S i n c e  i t  i s  a n t i c i p a t e d  t h a t  t h e  h igh  p r e c i s i o n  t r a c k i n g  r e q u i r e r ~ n e s  
w i l l  b e  met w i t h  a  l a s e r  d e v i c e ,  adequa te  s a f e g u a r d s  t o  i n s u r e  eye p r o t c c t i o ~ 2  
of pe rsonne l  a r e  i m p e r a t i v e .  S p e c i f i c  measures of p r o t e c t i o n  a r e  n o t  specifled 
a t  t h i s  s t a g e  of development; however, t h e  d e s i g n  o f  t h e  sys tem s h a l l  consider 
and s e l e c t  such measures as s a f e t y  i n t e r l o c k s ,  r a d i a t i o n  f i l t e r s ,  power 
p r o g r a m i n g ,  r a d i a t i o n  cu t -o f f  zones ,  warning s i g n s ,  and d e s i g n a t i o n  of 
o f f - l i m i t  a r e a s  as are necessa ry  t o  i n s u r e  t h a t  p i l o t s ,  f l i g h t  crews,  $,round 
o p e r a t i o n s  p e r s o n n e l ,  and a11  persons  w i t h i n  t h e  range  of coverage af a Laser 
o r  t r a c k i n g  d e v i c e  u s i n g  r a d i a t i o n  p o t e n t i a l l y  harmful  t o  eyes  are adequate ly  
p r o t e c t e d .  
3, SNSrTRWNTATIBM P L N  
This s e c t i o n  descr1-bes a plan f o r  t h e  a c q u i s i t i o n  and checkout 
o f  the  PJASA. Wallops r u m a y  face1 i t y  f o r  s a t i s f y i r l g  t h e  requ i rements  
s p e c i f i e d  i n  See ,  2. A b r i e f  dJr:scriptfon sf t h e  sys tem i s  f i r s t  g iven  117 
Sec, 3.1 and is  fo l lowed  by a 1,rL~granm s c h e d u l e  i n  S e c ,  3.2.  Even though no 
insurmsumtable d i f f i c u l t i e s  a r e  a n t i c i p a t e d  i n  a c q u i r i n g  and checking r r u t  t i l e  
planned system,  i t  is recornended t h a t  t h e  AN/GSN-5 r a d a r s  b e  main ta ined  as a 
back-up t r a c k i n g  c a p a b i l i t y  u n t i l  i t  is  i n s u r e d  t h a t  i n t e r f e r i n g  d i s c r e p a n c i e s  
have been removed from t h e  new system,  
3 - 1  System D e s c r i p t i o n  
A s i m p l i f i e d  b l o c k  diagram of t h e  planned system 1s shown ina Fig* 3-1, 
The MIFPS-14 QV) r a d a r  (PPS-16 f o r  s h o r t )  w i l l  b e  the major workhorse a f  1.1:~ 
system b u t  w i l l  b e  supplemented w i t h  a laser t r a c k e r  t o  p r o v i d e  high pracraisa 
t r a c k i n g  and a Tow a n g l e  t r a c k i n g  c a p a b i l i t y  a t  ranges  t o  ae least 6 n ,  x ~ t ,  
Tracking a c q u i s i t i o n  of t h e  laser traczker w i l l  normal ly  b e  a i d e d  by Gha FPS- 16 
radar t r a c k i n g .  The d i g i t a l  o ~ l t p u t s  of t h e  r a d a r  and l a s e r  t r a c k e r o ,  g:Lviuy 
p o s i t i o n  measurements i n  p o l a r  coordinates, w i l l  b e  s u p p l i e d  t o  a data bandl >Lng 
sys tem c o n s i s t i n g  of a d i g i t a l  computer and Its necessa ry  p e r i p h e r a l  devices, 
stuck as m g n e t i c  t a p e  u n i t s ,  p r i n t e r ,  card r e a d e r ,  e t c ,  Using the $.,.racking 
da ta ,  t h e  computer w i l l  perfarm rea l - t ime  computations t o  obtain data outputs 
such as c o o r d i n a t e  t ransformed p o s i t i o n ,  rakes, l o c a l i z e r  and g l i d e  slope 
errors ,  and a i r c r a f t  p i t c h  and bank cornr~rande f o r  d i r e c t  t r a n s m i s s i o n  t a  che 
a i r c r a f t  v i a  a t e lemet ry  l ink. ,  f o r  recording f o r  l a t e r  u s e ,  and /or  f o r  c i r e e r  
t ransmit ta l  t o  o t h e r  ground-based system8 u s i n g  t h e  d a t a .  Also, as $1Sustra\-ad, 
t h e  sys tem may o p e r a t e  in connec t ion  w i t h  o t h e r  r a d a r  system8 as, f o r  exampleis 
when m u l t i p l e  a i r c r a f t  experiments a r e  be ing  conducted,  
r - - - - -  - - - - - - -  
I RUNWAY FACILITY 
Fig. 3-1, Planned NASA Wallops Runway Facility. 
3 , l . l  FPS-16 Radar 
The FPS-16 r a d a r  is  a C-band, monopulse (ampl i tude comparison) radar 
having one (1)  megawatt peak power o v e r  a cunable  range of s e v e r a l  hunared 
megaher tz ,  A b lock  diagram of  t h e  r a d a r  sys tem i s  g iven  i n  F i g .  3-2 and a 
d e t a i l e d  l i s t  of t e c h n i c a l  c h a r a c t e r i s t i c s  i n  Table  3 - l .*  The l o c a t i o n  of 
t h e  FPS-16 r a d a r  a t  NASA Wallops s t a t i o n  is  i n d i c a t e d  i n  F ig .  3-3, whi:la 
a l s o  i n d i c a t e s  t h e  p r e s e n t  l o c a t i o n s  o f  t h e  GSM-5 and MI'S-19 r a d a r s  fc r  r e f e r -  
ence ,  The FPS-16 antenna mounting w i l l  p rov ide  an  antenna h e i g h t  o f  about 
40 f t , ,  p r o v i d i n g  good coverage f o r  t r a c k i n g  of a i r c r a f t  on approach t o  (arc? 
take-off  from) a l l  runways a t  NASA Wallops S t a t i o n .  ( I t  i s  p o s s i b l e  tirat 
some anomalies due t o  m u l t i p a t h  may r e s u l t  a t  low e l e v a t i o n  a n g l e s  on 
t r a c k i n g  a i r c r a f t  approaching o r  d e p a r t i n g  runway 04 . )  
The FPS-16 can  e i t h e r  " s k i n r b r  beacon t r a c k .  F u l l  360 degree  
cont inuous  coverage i n  azimuth i s  provided w i t h  bo th  modes. Nominal range 
and e l e v a t i o n  coverage f o r  bo th  " s k i n ' h n d  beacon t r a c k i n g  is  d e f i n e d  i n  
Fig.  3-4, which shows t h a t  t h e  only  d i f f e r e n c e  i s  i n  t h e  minimum t r a c k i n g  
range.  The 500 yd.  minimum f o r  "skin"  t r a c k i n g  r e s u l t s  from t h e  recovery 
d e l a y  i n  t h e  t r a n s m i t - r e c e i v e  s w i t c h .  The s m a l l e r  minimum range  w i t h  
beacon t r a c k i n g  i s  achieved by u s i n g  beacons w i t h  b u i l t - i n  d e l a y ,  and t h e  
503 f t ,  minimum r e q u i r e s  a  beacon de lay  of abou t  30 psec .  The 500 f  t ,  
minimum range a f f o r d e d  by beacon t r a c k i n g  w i l l  pe rmi t  t r a c k i n g  a i r c r a f t ,  
s a y ,  on fly-by pa ths  d i r e c t l y  over  runways 16-34 and 10-28, f o r  which the 
c e n t e r  l i n e s  a t  p o i n t s  of c l o s e s t  approach are a t  about  500 f t ,  r a n g e ,  
*This p a r t i c u l a r  r a d a r  d i f f e r s  from most FPS-16 r a d a r s  i n  t h a t  i t  h a s  a  16 f e ,  
( r a t h e r  t h a n  1 2  f t . )  d iamete r  an tenna ,  a  h y d r a u l i c - d r i v e  ( r a t h e r  t h a n  gear-  








































































































TRANSMITTER. - The general characteristics of the transmitter are as 
follows : 
Frequency range (funable) ......... 5450 to 5825 mc 
........................ Peak power 1 megawatt 
Pulse duration .................... 0,25 2 0,05, 0.5 f 0.05, and L,O 
f 0,l microseconds 
Pulse repetition rates ............ Three prf rates; 160, 640, and 
1024 pulses per second 
........................ Duty cycle OrOO1l (any combination of prf and 
pulse width which exceeds du$y cycle 
is disallowed by logic) 
......... Beacon interrogation code Up to three 0.25-microsecond pulses 
per repetition period with minimum 
leading edge spacing of 1.0 micro- 
second. Peak power difference between 
any two pulses of a pulse group does 
not exceed 1,0 db, 
Power Programing 
Automatic ,,.,,,,.o,,,..e.,,ao Programed as a function of target 
range and tracking mode (skin a r  
beacon) 
Plilnual ....................... Controlled by radar operator at 
console 
..... Dynamic range of control 20 db 
RECEIVER, - The general receiver characteristics are as follows: 
Noise figure ...................... 19 db or less 
............ Intermediate frequency 30 mc 
&Characteristics were obtained from: Technical Manual, hdar Set 
Model m/~PS-16 (V) , (Systems 47, 48, 49), 15 November 1965, 
Wide bandwidth ..................... 9.0 & 1.4 mc 
................... Narrow bandwidth 2.2 1 0.5 mc 
AFC capability 
Manual ........................ 2 12 mc over operating range 
Automatic: 
IF S/N Ratio 
60 db 
AFC Pull-In Range 
-+ 12 mc 
2 12 mc 
Tracking ........................... Skin or beacon signal (operator 
can monitor both and track one), 
RAMGE, - The general characteristics of the range tracking subsysta~m 
are as follows: 
.............................. Range 32.000 nautical miles (expaadable 
to 256,000 nautical miles) 
R e ~ o 1 u t i o n . ~ ~ . . . . . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Granularity of resolution is 
1,953125 yards (or 2 yards noxreiraalljr) 
Velocity ........................... Targets can be tracked at range rates 
from O to 20,000 yards/sec, 
A c c e l e r a t i ~ n . . . . . . . ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~  Targets can be tracked at acceleration 
rates from 0 to 20,000 yards/sec,2 
.............. Detection probability 99.9 percent under the following 
conditions : 
............... Target velocity 20K ydsfsec 
Pulse duration .............,.. 1 microsecond 
T h e  interval ..,.,,,.,,,.,,,., 30 millisecs 
....... False alarm probabilif y loe4 
TABLE 3-1 (CONTINUED) 
S/N ratio at output of i-f 
........... reference channel 10 db 
Interference protection .......... Guard gates and manual transmitter 
phasing, 
MELE SERVOS, - Some rimportant features are: 
Tracking closed-loop bandwidth ... 2,5 cps max 
Bandwidth adjustment range .,,,,,, 0.5 to 2 ,5  cps 
Maximum tracking velocity (45-knot wind) 
Elevation ................... 450 mils/sec 
M a x i m u  tracking acceleration (45-hot wind) 
Azimuth B * . O U I I I . O B O . b . . . . O D .  1.3 radians/sec 2 
L Elevation ................... 1.3 radianslsec . 
BMTENNA, - Characteristics are as follows: 
Type ................a.e.......... Cassegrainian with multimode feed 
Operating frequency range ........ 54QO to 5900 mc without tuning ad jus t -  
men t 
Power-handling capability ........ 3 megawatts peak, 5 kilowatts average 
hlenna  gain ..................... 46 db in sum channel 
Side-labe level .................. 18 db down from main lobe at ail.. 
operating frequencies 
Depth of null .................... -35 db down from reference pattern peak 
Polarization ..................... Linear-vertical and circular (left-hand 
sense transmit, right-hand sense receive] 
selectable at console 
............ Sum channel beamwidth 0,7l degree, + 0.04 degree 
Reflector construction ........... Solid surface, honeycomb panel 
f l D  ratio ........,............... 0.3 
PEDES'FAL, - Some important characteristics are: 
Type ............................. %o axis, azimuth and elevation 
Rotation lhits: 
Azimuth l . . . o . . . . e . . . c . . B . . . o  Continuous in either direction 
Elevation: 
Tracking ............... -10 degrees to 4-70 degrees 
Boresighting ........... -10 degrees to +I90 degrees 
Drive system ..................... Hydraulic 
A z h u t h  bearing .................. Hydrostatic 
Elevation bearing ................ Ball and roller 
Slewing speed: 
Azimuth Greater than 800 milsfsec 
Elevation ..........a.e...... Greater than 450 mils/sec 
Dynamic speed ratio .............. 32,200:1 
Maximum smooth data slewing rate . Greater than 800 mils/sec 
Minimum smooth data slewing rate . Less than 1 revolutionf3 days 
Digital shaft encoders: 
Azimuth ..ma..........e...... %o-speed 18-bit Gray, one redundant bit 
Elevation ..................l Wo-speed 18-bit Gray, one redundant hit. 
Synehscos : 
Azimuth ................... .. ( 4 )  23CX6 %; (2) 3lTX6's 
Elevation ................... ( 4 )  23C~b ' s ; (2) 31TX6 's 
TABLE 3-1 (CONTINUED) 
Servo limit switches .,,,,,,,,,,,, -10 degrees, 4-190 degrees; electrical 
and mechanical buffers for additional 
5 degrees, 
DATA, -- Characteristics and formatting are as follows: 
Type ............................. Solid state 
Readout rate ..................... LO, 20, or 40 samples per second 
............ Read and shift pulses Generated by external computer, or 
internally for test 
Order of shiftout ................ Serial, least significant bit flrst 
Digital data ourputs (on six lgnes): 
Line 1 ...................... Azimuth, 17 bits 
Line 2 ...................... Elevation, 17' bits 
Line 3 ...................... Azimuth offset, 8 bits followed by 
elevation offset, 8 bits 
Line 4 ...................... Range, 25 bits 
Line 5 ...................... K G ,  8 bits, followed by azimuth 
servo Bag, 8 bits, followed by 
elevation servo lag, 8 bits 
Line 4 ...................... Identification bits: on track, I bit; 
range verified, 1 bit; data valid, P b ? k ,  
computer designation comand, 1 bit; 
search scan comand, 3 bits; 160 p r f  
selected, l bit; 640 prf selected, 1 h3.r; 
leading edge tracking in selected, 1 b j t ;  
leading edge tracking out, I b i t ;  data 
corrector selected, 1 bit; linear or c n r -  
cular polarization selected, L bit; skin 
or beacon track selected, l bit; arid d i d e  
or narrow bandwidth selected, k bit, 
Vehicle (code) no., 3 bits. 
D i g i t a l  data inputs (on setven lines): 
Line 1 ...................... Range designation, 21 bits 
Line 2 ...................... Azimuth designation, 9 bits; azmmuth 
sign, 1 bit; azimuth scale factor, 1 b i t ;  
elevation designation, 9 bits; e%ewacioa 
sign, 1 bit; elevation scale factor, 1 
bit; spare 3 bits (for future servo 
bandwidth control) 
Line 3 ...................... Azirnuth stabilization, 9 bits; azimuth 
sign, l bit; elevation stabilization, 
9 bits; elevation sign, 1 bit 
Line 4 .....,................ C-scope elevation deflection, 7 bits 
plus 1 sign bit; 6-scope azimuth defkec- 
tion, 7 bits plus 1 sign bit 
Line 5 ...................... Display tangent plane azimuth, I7 b f k s  
Line 6 ...................... Display tangent plane elevation, 
17 bits 
Line 7 ...................... Display range rate, 14 bits; rate 
sign, l bit 
Synchro data outputs: 
Azimuth and elevation 
pedestal synehro ............ One speed 
Azimuth and elevation 
handwheel synchro ........... One speed 
Synchro data inputs: 
Stabilization data for 
handwheel designation 
and dials .,,,,..,.,,,,, One speed 
Synchro data from Mk 51, 
S-band system or telemetry 
system or other.............. One speed 
Analog recorder: 
Number of channels .,,.. 4 channels plus one channel for time marks 
Maximm width of 
recording .........,.... 4 em 
Channel sensi- 
tivity ............ 1.25 volts/sec 
TABLE 3-1 (CONTINUED) 
Coordinates ....... Rectangular 
Stylus ............ Hot wire 
Paper speed range . 0-25 to 100 mm/sec in nine steps 
Recorded para- 
meters ............ AGC, range error, azimuth error, 
elevation error, real-time code 
Timing ............ Fifth channel at edge of paper 
MODES OF OPERATION. - The various modes of operation are listed below: 
.................... Tracking mode Automatically selected upon target 
acquisition, or selected manually 
Acquisition digital .............. Antenna follows digital error signals 
from computer (CDP) either processed 
. from other tracking systems or orbital 
parameters 
Acquisition mode-stabilized 
....... ship's acquisition network Antenna follows synchro pointing 
signals from other tracking systems 
Acquisition mode-stabilized, 
................... manual control htenna follows pointing signals 
from console handwheels. Stabiliza- 
tion from the ship's acquisition and 
stabilization system manually selected 
Acquisition mode-unstabilized, 
................... manual control Antenna follows pointing signals 
from console handwheels, Stabiliza- 
tion is disallowed by operator 
switching . 
................ Range designation Range system can be designated by 
digital position data or manually 
with any of the above, 
Fig, 3-3, NASA Wallops Runway F a c i l i t y  - Tracking Sycrtw Locations, 

Beacon t r ack ing  i s  gene ra l ly  p re fe r r ed  over "skin" t r ack ing  because 
of t h e  h igher  r e l i a b i l i t y  of t r ack ,  improved s ignal- to-noise r a t i o  and 
higher  p rec i s ion ,  Lightweight 6-band beacons of s e v e r a l  hundred wat ts  
peak power a r e  r e a d i l y  a v a i l a b l e  c o m e r c i a l l y  and have very low input  
power requirements (on t h e  order  of a few wa t t s ) .  Beacon antenna selec- 
t i o n  and l o c a t i o n  on t h e  a i r c r a f t  w i l l  depend upon d i r e c t i v i t y  and 
coverage needed. Small belly-mounted s t u b s  having f l a t  p a t t e r n s  w i l l  
provide adequate coverage f o r  most a p p l i c a t i o n s ;  flush-mounted antennas 
( seve ra l  inches i n  diameter)  a r e  a l s o  ava i l ab l e .  
3,1,2 Laser Tracker 
A s  i l l u s t r a t e d  i n  Fig,  3-1, a l a s e r , t r a c k e r  w i l l  be used t o  provide 
high p rec i s ion  t r ack ing  and a low angle  t r ack ing  c a p a b i l i t y  a t  c lose-fn 
ranges, Even though l a s e r  systems t h a t  can meet t he  s p e c i f i c  requi re -  
ments a r e  not  a v a i l a b l e  a s  simple "off-the-shelf" "ems, i n v e s t i g a t i o n s  
have d e t e m h e d  t h a t  l a s e r  systems designed f o r  s i m i l a r  a p p l i c a t i o r ~  can 
be modified t o  meet t h e  runway f a c i l i t y  needs, The s p e c i f i c  system i s  
to be s e l e c t e d  by response t o  b ids  when t h e  funding i s  a v a i l a b k ,  
One conf igura t ion  t h a t  appears s u i t a b l e  i s  a gallium-arsenide (GaAs) 
l a s e r  (0,91 micron wavelength) system a v a i l a b l e  from ITT Corp. which can 
be mounted pemanen t ly  on t h e  FPS-16 r ada r  antenna. The system has an 
a l l - d i g i t a l  range t r ack ing  u n i t  with a range t racking  p rec i s ion  of Lees 
than one foo t ,  Angle t racking  can be accomplished by developing angle 
t racking  e r r o r s  wi th  t h e  l a s e r  and us ing  t h e s e  a s  i npu t s  t o  t h e  r ada r  
angle pos i t i on ing  servos", 
"Even though most FPS-16 r ada r s  have gear-driven mounts, t h e  p a r t i c u l a r  
FPS-16 system being i n s t a l l e d  has  a hydraul ical ly-driven mount s i m i l a r  t o  
t h a t  used on FPQ-6 r ada r s ,  which is compatible wi th  the  ang le  p r e c i s i o n  
requirements &en laser t racking ,  
ITT's experience with the GaAs system indicates that multipath and 
ground clutter problems are virtually non-existent. The requirements 
for tracking aircraft to touchdown and on the ground make the laser 
tracker essential. Fig. 3-5 defines the tracking coverage that is 
anticipated for this system. 
An existing Sylvania system using a Nd:YAG laser (1.06 microns 
wavelength) designed for similar application provides a tracking capability 
to 60,000 ft. range. Tracking precision quoted for the system is on the 
order of 4 ft.; however, an improved version of the system is in develop- 
ment, which is claimed capable of providing precisions on the order of 
1 ft. The present system is mobile, being mounted in a panel truck pro- 
viding range and angle tracking completely separately from a radar, 
Sylvania has estimated that a laser system available for mounting directly 
on the FPS-16 antenna can be provided for around $250K; integration and 
installation costs would be in addition to this. 
The use of laser tracking will require aircraft-mounted retro- 
reflectors as tracking aids. These can be small corner cube arrays on 
the order of inches in size, As these are currently being mounted an 
DC-10 aircraft for tracking with the Sylvania system, no major difficulties 
are anticipated for applications with the facility at NASA Wallops Station, 
Eye safety of the pilot, crew, and test range personnel can be 
provided by power programming the laser output. With this technique, for 
example, the Sylvania system provides eyesafe ranges of 2000 ft., 200 ft,, 
20 ft., and O ft., depending on the transmitter power setting. 
id' 
W 
3 , P , 3  Data Handling System 
The primasgr f m c t i o n  of t h e  d a t a  h m d l i n g  system E s  t o  r e c e i v e ,  process, 
and o u t p u t  and /or  r e c o r d  t r a c k i n g  d a t a  i n  r e a l - t i m e  from t h e  FPS-16 rader  ana 
the l a s e r  t r a c k e r  and from o t h e r  t r a c k i n g  sys tems .  A block diagram of t h e  
o a s i c  hardware  c o n f i g u r a t i o n  r e q u i r e d  f o r  t h i s  f u n c t i o n  i s  shown i n  FLg 3-6, 
The h e a r t  of t h e  sys tem is t h e  c e n t r a l  p r o c e s s o r ,  a  d i g i t a l  computer, 
which w i l l  h a n d l e  t h e  major  computat ions ,  R e a l - t h e  t r a c k i n g  d a t a  from ".he 
radar and t h e  laser t r a c k e r ,  a long  w i t h  o t h e r  n e c e s s a r y  i n p u t s  from other 
radars o r  o t h e r  s o u r c e s  wi l l .  g e n e r a l l y  be e n t e r e d  i n t o  t h e  sys tem vi.a an 
input  data buff es. A s y n c h r o - t o - d i g i t a l  6S/T]I) c o n v e r t e r  w i l l  b e  availab le for 
handl ing  r a d a r  synchro  o u t p u t s  and a  f requency s h i f  t key (FSK) r e c e i v e r  
w i l l  receive data from systems t h a t  are t o o  remote t o  p e m i t  ON-OFF 
t r m s m i s s i o n  over  d i r e c t  l i n e s .  Other  i n p u t s  t o  t h e  computer (but n3c fu 
real-time) will be a v a i l a b l e  from two magnet ic  t a p e  u n i t s ,  a  c a r d  reader, 
a t e l e t y p e  w r i t e r  o r  keyboard,  and p q e r  t a p e  r e a d e r .  
Fallowing the p r o c e s s i n g  of t h e  d a t a  f o r  a  g iven  s m p l e  period,, he 
o u t p u t  data em be  supplied t o  a i r c r a f t  v ia  t h e  t e l e m e t r y  system eir .ke.~ 
as digital data directly o r  as analog data v i a  the d i g i t a l - t o - a n a l o g  convtercer 
An output  b u f f e r  w i l l  supply r e a l - t i m e  d a t a  to a p l o t t i n g  board and to u t % e r  
ground-based s y s t m s  such  as s p e c i a l  d i s p l a y s ,  o t h e r  computers, and sther 
tracking systems. These l a t t e r  o u t p u t s  can be provided e i t h e r  direetLy 
on ON-OFF d a t a  l i n e s  or v i a  a PSR t r a n s m i t t e r  o r  d i g i t a l - t o - s y n c h  c o n v e l : c ~ r ,  
Data c m  also be  recorded  i n  rea l - t ime  on magnet ic  t a p e .  The paper  tape 
punch, card punch, and t e l e t y p e w r i t e r  o u t p u t  dev ices  w i l l  g e n e r a l l y  not 
s e r v e  a s  real-time o u t p u t  d e v i c e s ,  b u t  w i l l  be  a v a i l a b l e  f o r  o u t p u t  in a 
p o s t - t e s t  d a t a  grocessiLng mode. 
The main i n p u t s  i n t o  t h e  system frola t h e  r a d a r  o r  l a s e r  t r a c k e r  
w i l l  be d i g i t i z e d  v a l u e s  of t a r g e t  p o s i t i o n  s p h e r i c a l  p o l a r  c o o r d i n a t e  
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Fig, 3-6, R e a l - T h e  Data Handling System, 
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v a r i a b l e s ,  ( s l a n t )  range, azimuth, and e l eva t ion  sampled a t  se1ecl;abl.e 
r a t e s  up t o  28 p e r  second. 
Avai lab le  output  d a t a  w i l l  c o n s i s t  of t h e  p o s i t i o n ,  r a t e ,  PLS-type 
e r r o r s ,  and o t h e r  d a t a  descr ibed  i n  Sec, 2.5, It is  planned t h a t  standa~:d 
computer r o u t i n e s  w i l l  b e  prepared f o r  providing d a t a  t h a t  is f r equen t ly  
wet9 wi th  t h e  p a r t i c u l a r  rou t ines  used i n  a  f l i g h t  t e s t  d e t e m i n e d  by the  
u s e r ' s  reques t .  It i s  expected t h a t  new rou t ines  w i l l  need greparatiorr 
from t i m e  t o  time t o  s a t i s f y  s p e c i a l  needs. Users should b e a r  i n  m:Lnd 
the f l e x i b i  l i t y  of t h e  d a t a  handl ing system; t h e r e  may be  cases ,  f o r  
e x m p l e ,  where simply adding a d d i t i o n a l  sof tware  i n  the  ground-based 
system t o  genera te  s p e c i a l  da t a  can a l l e v i a t e  computing load  o r  elj-miaate 
hardware i n  t h e  a i r c r a f t ,  It i s  a l s o  noted t h a t  when the  computing demarkd 
exceeds the sys  t a  c a p a b i l i t y ,  a d d i t i o n a l  real- t ime processing can be  
pe r fomed  with another  computer such as t h e  GE 625 a t  NASA Wallops v i a  t h e  
d a t a  l i n k  provided. 
I n i t i a l l y ,  t h e  u se r  may encounter two o r  more ve r s ions  of t h e  data 
handl ing  s y s t m ,  A system having the  f u l l  complement descr ibed i s  being 
procured f o r  t h e  runway f a c i l i t y ;  however, as ind ica t ed  i n  t h e  schedule 
in Sec, 3 , 2 ,  t h i s  system w i l l  no t  be a v a i l a b l e  f o r  permanent dedica t ion  t o  
the runway f a c i l i t y  u n t i l  l a t e  1973. The d i g i t a l  computer f o r  t h i s  syseenl 
w i l l  ham the  fol lowing e s s e n t i a l  c h a r a c t e r i s t i c s :  
Memory S i ze  - l6K words (expandable t o  32K) 
Cycle Time - Less than 2 p see ,  
Word Length - 16 b i t  
Doaable P rec i s ion ,  F loa t ing  p o i n t  hardware 
Computing P rec i s ion  - 24  b i t s  
F o r t r m  Compiler wi th  in - l i ne  mixing wi th  machine language! 
Considera t ion  of s o f m a r e  along w i t h  t h i s  system i n d i c a t e s  t h a t  
m e n t y  sample pe r  second output  d a t a  r a t e s  a r e  r e a d i l y  f e a s i b l e  wh i l e  
providing a l l  of t h e  necessary p r e c i s i o n  and having t h e  c a p a b i l i t y  te dr 
ex tens ive  d a t a  ana lyses  i n  r e a l  time. 
P r i o r  t o  t h e  a v a i l a b i l i t y  of t h e  permanent d a t a  handl ing system 
desc r ibed ,  rea l - - t ime  d a t a  process ing  w i l l  b e  done wi th  e i t h e r  an exis ring 
mobile range da", handl ing system employing a  UNIVAC 1218 computer 63: the 
63-625 c o q u t e r  a t  NASA Wallops S t a t i o n .  The mobile range d a t a  hanciling 
system has e s s e n t i a l l y  t h e  same input-output  c a p a b i l i t y  descr ibed  above; -Li:s 
major l i m i t a t i o n  is  computing speed of t h e  UNIVAC 1218 computer, W i t h  i t s  
4 usec ,  c y c l e  t ime and t h e  achievement of double p r e c i s i o n  computat i~ra  w i t h  
sof tware  on ly ,  ou tput  d a t a  r a t e s ,  even f o r  r e l a t i v e l y  s imple computations,  
w i l l  b e  l i m i t e d  t o  a t  most 10 samples per  second wi th  even lower r a t e s  
(down t o  1 pe r  second).  The d a t a  ou tput  c a p a b i l i t y  of t h e  runway f a c i l i t y  
when using t h e  UNIVAC 121% system, w i l l  be  compatible wi th  t h a t  of t h e  
e x i s t i n g  GSN-5 system. 
The GE-625 computer system has a  rea l - t ime  input-output  c a p a b i l i t y  arbd 
i s  capable  of handl ing heav ie r  computing loads than the  UNIVAC 1 2 1 8  SJ = rs terr, 
Because of i t s  ded ica t ion  t o  Wallops I s l a n d  range ope ra t i ons ,  schedulsng far 
runway ope ra t i on  w i l l  b e  d i f f i c u l t  and hence i t s  use f o r  real- t ime processtng 
i n  a i r c r a f t  experiments is  no t  encouraged; however, i f  t h e  computing l o a d  
j u s t i f i e s  i t s  use,  t h e  user  should n o t  h e s i t a t e  t o  use  i t .  
3,1,4 Telemetry System 
The purpose af t h e  te lemet ry  system i s  t o  provide t h e  real-tfm~a data 
exchange between t h e  ground-based equipment and t h e  a i r c r a f t .  Because of 
t h e  d i v e r s i t y  of a p p l i c a t i o n  of t h e  runway f a c i l i t y ,  ex t ens ive  f l e x i b i l i t y  
w i l l  be requi red  i n  te lemet ry  c a p a b i l i t f e s .  
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The ground-based p a r t  of rhe te lemetry system i s  shown i n  t h e  system 
diagram i n  F ig .  3-1 a s  a s i n g l e  block;  however, i n  r e a l i t y  i t  is  comprised 
of a n m b e r  of d i f f e r e n t  systems t o  s a t i s f y  a l l  needs. Only t h e  XIS signal 
genera tors  and t r a n s m i t t e r s  a r e  considered a permanent, i n t e g r a l  p a r t  of 
t he  p re sen t  runway f a c i l i t y .  
No d e f i n i t e  plans e x i s t  f o r  a permanent, a l l -purpose system t o  satisfy 
a l l  u se r  needs. A l l  p o t e n t i a l  users  should be  aware, however, t h a t  wide- 
band equipment, multi-channel FM/W telemetry equipment, and d i g i t a l  PGM 
te lemet ry  equipment e x i s t  and a r e  ava i l ab l e .  A b r i e f  survey of p re sen t  up- 
and down-link c a p a b i l i t y  i s  given below. 
ILS  S igna l  Generation and Transmi t te rs  
These u n i t s  accept  from t h e  t r ack ing  and d a t a  processing system 
continuous vol tages  which a r e  propor t iona l  t o  locaEizer  and g l i d e  s lope  
e r r o r s  and genera te  and t ransmi t  a s i g n a l  which t o  t h e  a i r c r a f t  LLS 
r ece ive r s  appears thesame a s  convent ional ly generated ILS s i g n a l s .  'The 
l o c a l i z e r  s i g n a l s  a r e  i n  t h e  VHF band (around 110 1?Oi31z.) and t h e  g l i d e  slope 
s i g n a l s  i n  t he  UHF band (around 330 MHz.) Both a r e  comprised of a CW 
C s r r i e r  wi th  amplitude modulations of 90 Hz. and 150 MHz. The de tec ted  
90 Hz. s i g n a l s  r ep re sen t  t h e  f ly - r igh t  and fly-down commands f o r  the  l o c a l -  
i z e r  and g l i d e  s l o p e  channels r e spec t ive ly  wi th  the  amplitude proport ional  
t o  t he  r e l a t i v e  d i s t ance  o f f  t h e  n o d n a l  l o c a l i z e r  and g l i d e  s l o p e  paths, 
Simi l a r ly ,  t h e  de tec ted  150 Hz. r ep re sen t  f l y - l e f t  and fly-up s i g n a l s  f o r  
t he  l o c a l i z e r  and g l i d e  s lope  channels.  It i s  e a s i l y  seen how t h i s  systen 
f o r  a r t i f i c i a l l y  genera t ing  ILS s i g n a l s  is  more f l e x i b l e  than a f ixed  ZtS 
i n s t a l l a t i o n ,  s i n c e  approach paths  and ILS s e n s i t i v i t y  can be pa t te rned  
f o r  d i f f e r e n t  conf igura t ions .  
A wideband ana log  up-Pink is  c u r r e n t l y  b e i n g  used by t h e  Graphic Glide 
Slope Disp lay  p r o j e c t  ( s e e  Appendix A$ f o r  t r a n s m i t t i n g  t e l e v i s i o n  v ideo  
s i g n a l s *   eve^ though i t  i.; .-nkike1y t h a t  t h i s  sys tem w i l l  e v e r  i n t e r f a c e  
directly w i t h  t h e  t r a c k i n g  snd  d a t a  p r o c e s s i n g  sys tems ,  p o t e n t i a l  users 
shou ld  b e  aware of t h i s  c a p a b i l i t y ,  It i s  a n t i c i p a t e d ,  f o r  example, ctra;l 
a s i m i l a r  a p p l i c a t i o n  p o s s i b l y  i n v o l v i n g  more t h a n  one channe l  w i l l  be usac, 
i n  the Real  World Cue p r o j e c t  ( s e e  Appendix A ) .  No a p p l i c a t i o n s  of t.sdei-lr1: d 
analog down-,links are known at: p r e s e n t ,  
11~Lti-Channel FM/m Telemetry 
A ten  (10) channel  u n i t  i s  e u r r e n t k y  b e i n g  used by t h e  C K - 4 Q C  pro-kect  
t o  t e l e m e t e r  p o s i t i o n  d a t a  ( t h r e e  channe l s )  o n l y ,  Th is  u n i t  o p e r a t e s  at- T"P-F 
w e ~ h  ~EtanneCs set up a long  P R I G  s t a n d a r d s .  The system can a l s o  b e  used tc 
telemeter d i g i t a l  d a t a .  Dig i t a l - to -ana log  c o n v e r t e r s  w i l l  be  r e q u i r e d  r c  
~ n t e r - f  ace this system w i t h  ~ h e  new runway f a c i l i t y .  
FCM Te lemet ry  
- 
An L-band sys tem is  c u r r e n t l y  being assembled f o r  down-link t e l e n x e r i  L I  
t h e  Real World Cue P r o j e c t ,  Bn-board equipment i s  b e i n g  assembled by RLS4 
KRC,  Ground-based r e c e i v i n g  equipment is  b e i n g  assembled by NASA WalPo~a  2 i, 
w i l l  b e  a permanent i n s t a l l a t i o n ,  
3 .2  Sys tern Acquisitf on P l a n s  
A c q u i s i t i o n  p l a n s  f o r  t h e  runway f a c i l i t y  are d e s c r i b e d  below i n  
terns of  t h e  t h r e e  major components: the FPS-16 r a d a r ,  t h e  l a s e r  
t r a c k e r ,  and t h e  d a t a  hand l ing  system. A sys tem a c q u i s i t i o n  schedu le  
is presented i n  F ig .  3-7 f a r  r e f e r e n c e ,  Th is  s c h e d u l e  is  a r e v i s e d  
ve r s ion  of e a r l i e r  ones presented and r e p r e s e n t s  the  l a t e s t  e s t ima te s  
of t ime f o r  va r ious  t a sks  and da t e  of a v a i l a b i l i t y  of funds. The 
b a s i c  schedule s p e c i f i e s  the  f a c i l i t y  t o  be  ope ra t iona l  i n  October 
1972, A t  p r e sen t ,  t h e  c o n t r o l l i n g  f a c t o r  on t h i s  schedule is t h e  
procurement of t h e  l a s e r  f o r  reasons given below. Fur ther  upgrading 
of t h e  f a c i l i t y  wi th  a f a s t e r  da t a  handl ing system i s  expected i n  Late 
1973. 
3 ,2 , l  FPS-16 Radar 
The FPS-16 r ada r  i s  a u n i t  acquired by NASA Wallops i n  September 
1970. This r ada r  was manufactured by RCA i n  t h e  mid-1960% and prior 
t o  a c q u i s i t i o n  by NASA Wallops was used on one of NASA's t r ack ing  ships, 
Inventory of t h e  de l ivered  system revealed t h a t  t h e  microwave feed t o  
t he  antenna was missing. Procurement a c t i o n  has been i n i t i a t e d  wi th  RCA 
f o r  r ada r  i n s t a l l a t i o n  which includes provis ion  f o r  f a b r i c a t i o n  of a new 
feed system and a new r e f l e c t o r  f o r  t h e  antenna. The requi red  dura t ion  
of t h i s  e f f o r t  was est imated by RCA t o  be t en  (10) months, de t emined  
pr imar i ly  by t h e  est imated time t o  f a b r i c a t e  and t e s t  t he  feed. A s  
shown by t h e  second en t ry  i n  t he  schedule i n  Fig. 3-7, p re sen t  plans are 
f o r  t h e  con t r ac t  t o  s t a r t  around mid-July 1970. Complete i n s t a l l a t i o n  
and checkout of t h e  r ada r  i s  scheduled f o r  June 1972. 
Following t h e  i n s t a l l a t i o n  of t h e  r ada r ,  a d d i t i o n a l  e f f o r t  w i l l  b e  
requi red  f o r  modi f ica t ions  t o  accomodate t h e  l a s e r .  This w i l l  p r imar i ly  
involve changing t h e  angle  encoders and d i g i t a l  da t a  output  c i r c u i t s  to 
achieve h igher  da t a  r e so lu t ion  and adding r e l a y s  and o the r  necessary i tems 
t o  t h e  angle  servo systems t o  con t ro l  switchover bemeen t h e  l a s e r  and 
r ada r ,  Since much of t h e  c i r c u i t  f a b r i c a t i o n  can be done p r i o r  t o  

installation the actual down time of the radar f o r  t h i s  modification i s  
expected to be brief. 
3,2,2 Laser Tracker 
As noted in Sec, 3,i,2, a laser tracking system which can meet 
the ruslway f acikity requ in  e~l,$ru;s i s  not  avaJ Lable as an "of f-the-8heif01 
item. Acquieitfon of a sys t r . ,  bill therefore require preparing ape : i f i  
cations and soliciting bids for design and fabrication o f  a ""oree-o,--a-k<d 
operat>-onal system, Por~unatePgr , eanougll! experf ence has been obtained uu 
scverdl organizations in building laser trackers for simlLar appllcsr%on 
( s e e  See, 3,1,2) so that acquisition of a reliable operational Bystem 
within a reasonable period is feasible, Key problems to be reoolved 
concern Interfacing the laser tracker with the radar and providing ordec!y 
handover of tracking from the radar to the laser, 
The schedule presented in Fig. 3-7 assumes that procurement a c t i c n  
can be initiated and a n i n e  ( 9 )  month contract for a. system l e g  by r r d d -  
Selrtember 1971.  This presuoposes also that NASA funds f o r  the system 
'u J L ~  ,a -. ,)we r svcr:bab%e i n  t h e  jmn~editkte fz~ture, 
A d r a f t  s f  specifications for a laser tracking system prepared 
;>revlsusT-y by NASA Wall sp.; w i l l  serve as the forerunner o f  specif izal-  tori: 
to meet presene: requirements, Pae~ii specifieatians will require the 
con t r ac to r  to design the  mountir~g for the laser transmitter and ueee:~vc, 
on t he  antenna and I n t e r f a c i n g  w i t h  the FPS-16 radar angle t r a ck ing  -ocp ,  
LnstalPaeion and checkout is scheduled f o r  mid-1972 which will comp:Lcttl 
'he system, It i s  especially noted that the system e m p l e t i o n  date ; s 
now d i r e c t l y  dependent upon the laser procurement schedule and t h a t  
laser is necessary f o r  meeting NASA LRC requirements, 
3 . 2 , 3  Data Handling System 
A s  n o t e d  i n  Sec. 3.1.3,  t h e  assembly of a  r e a l - t i m e  d a t a  p r e c e s s i ~ n g  
system us ing  t h e  UNIVAC 1218 computer a s  a  c e n t r a l  p r o c e s s o r  i s  near  
complet ion.  As i l l u s t r a t e d  i n  F ig .  3-7, t h e  u s e  of t h i s  sys tem w i l l  a l l ow  
t h e  f a c i l i t y  t o  a c h i e v e  o p e r a t i o n a l  s t a t u s  by October 1 9 7 2 ;  however, t o  
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overcome t h e  l i m i t a t i o n s  of t h e  UNIVAC 3.218 system a  new d a t a  handl.i.pag 
system employing a f a s t e r  computer i s  t o  b e  procured w i t h  upgrading o f  
t h e  f a c i l i t y  w i t h  t h e  new system t o  b e  completed by t h e  end of 1 9 7 3 ,  Use 
of t h e  UNIVAC 1218 system dur ing  t h e  i n t e r m e d i a t e  p e r i o d  w i l l  p r o v i d e  
t h e  f a c i l i t y  w i t h  a s  much o r  more o v e r a l l  c a p a b i l i t y  t h a n  p rov ided  by the 
p r e s e n t  GSN-5 f a c i l i t y .  The G E - 6 2 5  computing system a t  NASA Wallops w i l l  
a l s o  be  a v a i l a b l e  f o r  hand l ing  d a t a  p r o c e s s i n g  l o a d s  which a r e  t o o  g r c s t  
f o r  t h e  UNIVAC 1218 system. 
I n  r e g a r d  t o  t h e  program s c h e d u l e ,  t h e  major  t a s k s  remaining f o r  
t h e  UNIVAC 1218 system i s  program development and computer p r o g r a ~ m i n g  
and debugging. Even though a d d i t i o n a l  work on system assembly and 
checkout (mostly f o r  i n p e r f a c e  equipment) i s  a n t i c i p a t e d  f o r  s e v e r a l  
more months a s  i n d i c a t e d ,  t h e  computes i s  c u r r e n t l y  o p e r a t i o n a l  and 
a v a i l a b l e  f o r  checking programs. Standard r o u t i n e s  such a s  read-in 
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The major  l i m i t a t i o n s  of t h e  UraIVAC 1218 system a r e  t h e  amount and 
dynamic q u a l i t y  of o u t p u t  d a t a .  For example, t h e  l i m i t e d  speed of the 
dTJI'VA!C 1218 computer w i l l  p r e c l u d e  the d e r i v a t i o n  of many v a r i a b l e s  i n  
rea l - t ime  from t h e  t r a c k i n g  d a t a  and t h e  u s e  of s o p h i s t i c a t e d  p r o c e s s i n g  
such a s  Kalman f i l t e r  implementat ion,  R e l a t i v e l y  s imple  f i l t e r i n g  and 
smoothing r o u t i n e s  and r a t e  d e r i v a t i o n s  w i l l  t h u s  have t o  be  used ,  which 
w i l l  p r o v i d e  d a t a  dynamic c h a r a c t e r i s t i c s  comparable w i t h  t h a t  o b t a i n e d  
from t h e  GSN-5 f a c i l i t y .  It is  n o t e d ,  however, t h a t  t h e  i n h e r e n t  
t r a c k i n g  p r e c i s i o n  and l m - a n g l e  t r a c k i n g  c a p a b i l i t y  w i t h  t h e  tracking 
system ( l a s e r  and r a d a r )  w i l l  n o t  be  impaired.  Also,  t h e  f l e x i b i l i t y  
a f f o r d e d  i n  f l i g h t  p a t h  c h o i c e  and t h e  p a r t i c u l a r  f u n c t i o n s  t h a t  can be  
p e r f o m e d  w i l l  b e  s u p e r i o r  t o  t h e  GSN-5 f a c i l i t y .  
and r r b d - k ~ u t  o p e r a t i o n  and s q u a r e  r o o t  and t r i g o n o m e t r i c  f u n c t i o n s  have 
been w r i t t e n  and checked out. The development of t h e  s p e c i f i c  a l g o r i t ~ m s  
for r$Jr.wa: app l i i ca t ions  has been i n i t i a t e d  by an independent  contract:  >r 
un~-r a Y \SA Tdallops c o n t r a c t ,  A d d i t i o n a l  i n v e s t i g a t i o n s  will b e  reqii re t i  
t o  i n ~ a i e  s o f t w a r e  c o m p a t i b i l i t y  w i t h  NASA LRG requ i rements .  Conpu%en 
progrmnming i s  roughly e s t i m a t e d  t o  b e  a one man-year t a s k  o r  greater, 
w i t h  the heavy load due p r i m a r i l y  t o  the  n e c e s s i t y  f o r  p r o g r  
double r?irdcrs~.or?: computation t o  a c h i e v e  the  r e q u i r e d  accuracy  a n d  i 1 - e  
n a t h i n e  l a ~ ~ g u a g e  t o  conserve eo~nput ing time, Some c a p a b i l i t y  f o r  l1rW\3IVrBC 
12 18 prcgzminoi wg e x i s t s  a t  NASA Wallops; however, c o n t r a c t u a l  s u p p o r t  r ~ ? -  
meetlrtg khe progrmming schedule  may be r e q u i r e d .  
A s c h e d u l e  f o r  t he  new d a t a  p r o c e s s i n g  system t o  upgrade t h e  
l a c ~ i i t ~  xs sho-wn s e p a r a t e l y  a t  t h e  bottom of P i g ,  3-7,  Procerrenten 
action h a s  a l ready  been i n i t i a t e d  and complet ion of the system i s  sxyreit ;a; 
by August, 1972, System c o s t s  are be ing  s h a r e d  by a forthcoming eclipse 
preje, c .  As a r e s u l t  of the  sys tem's  c a m i t m e a t  t o  t h a t  p r o j e c t ,  aka; l- 
1- runway o p e r a t i o n s  will be l i m i t e d  u n t i l  lace  1973, Lt ; s  
a:rpsc s:i i h a t  exper ience  with the UNhVAC 1218 i n  runway o p e r a t f a n s  s~ : 3 .  
m o t i v a ? _ c  f u r t h e r  development of s o f t w a r e  a s  i n d i c a t e d  i n  F i g .  3-7, A i s s  
ccrnputss ~,zogrammlag can proceed and be n e a r  complet ion when the sysce r  
becomes avaiLabEe. 
4 -  SPECIFIC PROBLEM X N ~ : I : S T I G , h I I Q N $  
T h i s  section treats specific areas of investlgataon leading to 
development of an improved rtrxway facility, 
4 , 1  ~aser/Radar Integration 
As noted in Sec, 3, it is planned that a laser tracker is t o  be 
employed to provide a h i g h  precision, l o w  angle tracking capability at 
close-in ranges. Even though a mobile laser system has been considered, 
rt i s  considered that a fixed installation, permanently integrated i n t o  
the facility, appears to be the more suitable configuration from the " 
standpoints of availabilitys operability, and cas t s  (both in l . t%al  and 
o p e r a t i n g ) .  in this fixed type of installation cine laser transmitter and 
receiver w i l l  be mounted directly on the FPS-16 radar antenria with t'ina 
beam parallel to the radar bo re s igh t  axis, mereas the laser 
system will perform ranging or range tracking exclusive of radar cir~.caitry, 
it w r l l  work in conjunction w i t h  the radar angle servos to p e r f o m  
precision angle tracking, This concept is illustrated in F i g *  4-1, 
With the planned configuration, angle tracking can tkaus be done with 
e i ther  the  radar receiver a r  t h e  laser receiver providing the angle 1 2 s i n t ~ n g  
errors and ranging ox range tracking done by el.l;her or both the radar arid 
laser, It is expected that within the area of coverage afforded by $he 
laser, experimenters w i l l  p r e f e r  u s ing  t h e  higher precisian laser tracking 
c a p a b i l i t y  even though it will require a re t roref lector  package moun1:ed 
an the aircraft, Typicalby in a flight experiment, then, the radar w i l l  hi. 
locked on and tracking the aircraft at ranges greater than the  laser range,  
Fig. 4-1. Lasar/Radar Integrat ion.  
A s  the  a i r c r a f t  en te r s  the  area  of coverage provided by the  l a s e r ,  track- 
ing w i l l  be handed over t o  the  l a se r .  I n  the  w e n t  the  l a s e r  loses  lock, 
t racking w i l l  immediately be handed back t o  the  radar.  
Key problem areas with in ter fac ing t h e  l a s e r  and the  radar a r e  physical  
compatibi l i ty,  t racking acquis i t ion  and handover of t racking between t h e  
l a s e r  and radar ,  s igna l  in ter fac ing,  the  e f f e c t  of laser tracking on trackimg 
loop dynamics. These problem areas  a r e  invest igated below t o  the  extent  
t h a t  presently ava i l ab le  information p e m i t s .  
4 .1 .1  P h y s i c a l  C o m p a t i b i l i t y  
I t  i s  t e n t a t i v e l y  planned t o  mount t h e  l a s e r  o p t i c a l  
package on t h e  FPS-16 a n t e n n a  a t  t h e  l o c a t + o n  p r e s e n t l y  used f o r  the 
V e r s a t e l  l e n s  sys tem and d i r e c t e d  through t h e  opening i n  t h e  an tenna  already 
prov ided ,  T h i s  l o c a t i o n  i s  approximately  3 f t .  l a t e r a l l y  from t h e  center 
of t h e  an tenna  and 1 f t .  down from t h e  e l e v a t i o n  a x i s .  S y l v a n i a  e s t i m a t e s  
t h e  weight  of a n  o p t i c a l  package t o  be  75 l b s .  No insurmountable  
d i f f i c u l t i e s  a r e  expected i n  mounting t h e  package a t  t h i s  l o c a t i o n  nor i s  
i t  expected t o  i n t e r f e r e  w i t h  r a d a r  o p e r a t i o n  o r  t o  s i g n i f i c a n t l y  a l t e r  
t h e  dynamic c h a r a c t e r i s t i c  of t h e  a n g l e  s e r v o  loops .  C o n s i d e r a t i o n  of che 
environment,  e s p e c i a l l y  v i b r a t i o n  and shock, imposed on t h e  o p t i c a l  package 
must be  made b e f o r e  s p e c i f i c a t i o n s  f o r  l a s e r  procurement are f i n a l ,  
4 .1 .2  Tracking A c q u i s i t i o n  
Within  t h e  o v e r a l l  o p e r a t i o n a l  framework, t r a c k i n g  a c q u i s i - ,  
t i o n  can be concerned w i t h  any of t h e  fo l lowing  s i t u a t i o n s :  
(1) No e x i s t i n g  t r a c k  -- a c q u i r e  w i t h  t h e  FPS-16 r a d a r  i n  
a n g l e  a n d , r a n g e .  
* 
( 2 )  No e x i s t i n g  t r a c k  -- a c q u i r e  w i t h  t h e  laser i n  a n g l e  and /or  
i n  range  (wi thout  t h e  a i d  of t h e  FPS-16 r a d a r  t r a c k i n g ) .  
( 3 )  E x i s t i n g  t r a c k  w i t h  a n o t h e r  sys tem -- a c q u i r e  w i t h  t h e  FPS-16 
r a d a r  i n  a n g l e  and i n  range,  
(4) E x i s t i n g  t r a c k  w i t h  ano ther  system -- a c q u i r e  w i t h  t h e  l a s e r  
i n  a n g l e  and /or  i n  range ,  
(5)  E x i s t i n g  t r a c k  w i t h  t h e  FPS-l6 r a d a r  -- a c q u i r e  w i t h  l a s e r  
i n  a n g l e  and /or  i n  range ,  
k 
The d e s i g n a t i o n ,  l a s e r ,  r e f e r s  o n l y  t o  t h e  FFS-L6 antenna-mounted lases, 
(6) E x i s t i n g  t r a c k  w i t h  t h e  l a s e r  -- a c q u i r e  w i t h  t h e  FPS-16 
r a d a r  i n  a n g l e  and i n  range .  
4 7 )  Loss of t r a c k  w i t h  t h e  l a s e r  -- a c q u i r e  w i t h  t h e  FPS-16 i n  
a n g l e  and i n  range ,  
The f i r s t  and t h i r d  s i t u a t i o n s  a r e  u s u a l  r a d a r  a c q u i s i t i o n  p r o b i ~ m s ,  
and w i t h  t h e  e x i s t i n g  a c q u i s i f  i on  c a p a b i l i t y  of t h e  FPS-16 r a d a r ,  i-r 7i70i.v: ng 
scann ing  and d e s i g n a t i o n ,  arc. n o t  of i m e d i a t e  concern f o r  t h i s  d i ~ c u s s i o n ,  
The second and f o u r t h  c a s e s  a r e  cons idered  seldom occur rences  with thc  
runway f a c i l i t y  s i n c e  t h e  r a d a r  is expected t o  e s s e n t i a l l y  always be 
a v a i l a b l e  t o  t r a c k  and hence a i d  a c q u i s i t i o n  w i t h  t h e  l a s e r .  An exception 
w i l l  be when t h e  r a d a r  t r a n s m i t t e r  a n d l o r  r e c e i v e r  i s  n o t  f u n c t i o n i n g  
and i e  i s  d e s i r a b l e  t o  c o n t i n u e  o p e r a t i o n  with t h e  l a s e r  o n l y ,  For the 
second c a s e  t h e  on ly  a l t e r n a t i v e  i s  manual d e s i g n a t i o n  w i t h  t h e  o p e r a t o r  
a s s i s t e d  by an o p t i c a l  o r  v i s u a l  p r e s e n t a t i o n  such a s  c l o s e d - c i r c u i t  
t e l e v i s i o n  (wi th  an  antenna-mounted camera) system. S t a t i c  s i t u a t i o n s  i;i;iIm. 
a s  Bock-on on t h e  ground p r i o r  t o  a i r c r a f t  take-off  may be  p r e v a l e n t  
and readily accomplished,  Dynamic s i t u a t i o n s  such a s  a c q u i r i n g  on ac 
approach w i l l  be more d i f f i c u l t  b u t  r e a d i l y  f e a s i b l e ,  The f o u r t h  c a s e  
i n v o l v i n g  d e s i g n a t e  i n f o r m a t i o n  from a n o t h e r  t r a c k i n g  system as a  
computer system w i l l  r e q u i r e  improvements in t h e  r e s o l u t i o n  of t h e  gresenb 
d e s i g n a t e  i n p u t  d a t a  c a p a b i l i t y  f o r  t h e  r a d a r  c i r c u i t r y .  F u r t h e r  comnents 
w i l l  be made concerning t h i s  i n  E a t e r  d i s c u s s i o n .  
The f i f t h ,  s i x t h ,  and s e v e n t h  c a s e s  d e s i g n a t e d  above a r e  t h e  
s i t u a t i o n s  o f  primary concern f o r  t h i s  d i s c u s s i o n  and w i l l  be  t h e  most- 
f r e q u e n t  s i t u a t i o n s  encountered.  The d i s c u s s i o n  c e n t e r s  around t h e  E r f t h  
c a s e  w i t h  d i s c u s s i o n  on t h e  o t h e r s  brought  i n  where a p p r o p r i a t e ,  
Most o f t e n  t h e  r a d a r  w i l l  be i n i t i a l l y  locked o n t o  and t r a c k i n g  t h e  
a i r c r a f t  a t  longer  ranges w i t h  t r ack ing  t o  be handed over t o  t h e  l a s e r  
a s  t h e  a i r c r a f t  approaches wi th in  t h e  range of t h e  l a s e r .  S ince  t h e  
l a s e r  ranging and ang le  t r ack ing  systems may be designed t o  ope ra t e  
independently ( a t  l e a s t  t h e  r ece ive r  e l e c t r o n i c  f u n c t i o n s ) ,  a c q u i s i t i o n  may 
i n  some cases  be accomplished sepa ra t e ly .  For example, a s  an  a i r c r a f t  
approaches, t h e  ranging system may have acquired be fo re  t h e  angle  lolaps 
can acqui re .  An except ion t o  t h i s  is  a t  very  c l o s e  ranges ,  where ang le  
a c q u i s i t i o n  may be requi red  p r i o r  t o  range a c q u i s i t i o n  t o  i n s u r e  tha t  the  
t a r g e t  is i n  t h e  l a s e r  beam where t h e  s ignal- to-noise r a t i o  is  s u f f i c i e n t  
t o  measure range. The exac t  range a t  which t h i s  requirement must be 
s a t i s i f i e d  w i l l  be  heavi ly  dependent upon t ransmi t ted  l a s e r  bemwidth,  
Acquis i t ion  i n  range by t h e  l a s e r  w i l l  gene ra l ly  depend on threshold  
d e t e c t i o n  and s u i t a b l e  l o g i c  t o  determine when range d a t a  i s  acceptab le ,  
Because range a c q u i s i t i o n  can be separa ted  from ang le  a c q u i s i t i o n  and 
w i l l  depend l a r g e l y  on t h e  l a s e r  des ign ,  t h e  remainder of t h i s  s e c t i o n  
w i l l  be devoted p r imar i ly  t o  t h e  ang le  a c q u i s i t i o n  problem, The l a s e r  
range system des ign  should consider  t h e  b e n e f i t s  of us ing  r ada r  range 
d a t a  t o  a i d  l a s e r  ranee a c q u i s i t i o n .  
Because of t h e  l a s e r l r a d a r  conf igura t ion  planned whereby t h e  Zagex 
is  mounted permanently on t h e  radar  antenna and pointed along t h e  radar 
bores ight  a x i s ,  t h e  ang le  a c q u i s i t i o n  problem can be t r e a t e d  de t e rmln i s t i c -  
a l l y ,  given t h a t  t h e  t a r g e t  is  wi th in  l a s e r  range. Figure 4-2 i l l u s t r a t e e  
t h e  shape of t h e  r ece ive r  ou tput  i n  one plane f o r  a t y p i c a l  angle  t racking  
system. The r ece ive r  thus  d e l i v e r s  a s i g n a l  whose amplitude is p ropor t iona l  
t o  t h e  off-boresight  ang le  o r  po in t ing  e r r o r ,  E ,  up t o  t h e  angle  E 
max 
which de f ines  t h e  u s e f u l  width of t h e  pa t t e rn .  For an  o p t i c a l  r ece ive r  t h e  
p a r t i c u l a r  shape and width can depend upon s e v e r a l  f a c t o r s  inc luding  the 
Receiver 
Output 
Fig.  4-2. Typical Angle Tracking Receiver Output vs ,  Point ing Error ,  
field-of-view, the  r ece ive r  o p t i c s ,  t h e  type of d e t e c t o r ,  and t h e  si.gaa1 
processing i n  t h e  rece iver .  
Por purposes of present  d iscuss ion  we a r e  concerned only with E L, , max 
and E R ,max " t he  va lues  of cmax f o r  the  l a s e r  and radar  r e spec t ive ly ,  
Considering f i r s t  t h e  l a s e r ,  angle  a c q u i s i t i o n  r equ i re s  t h a t  the  antenna 
be pointed so  t h a t  t h e  angle cL ( the  va lue  of E f o r  the  l a s e r )  is l e s s  than 
E i . e . ,  E < E L ,max " L ~ , m a x '  I n  the  angle servos,  t he  poin t ing  e r r o r  from 
t h e  r ece ive r  then d r ives  the  system i n  the  proper d i r e c t i o n  t o  n u l l  the error 
and maintain angle  t racking.  
The angle capture  problem then reduces t o  simply making s u r e  t h a t  the  
des i red  condit ion is  achieved. The t o t a l  acquis t ion  problem a l s o  involves 
the  o rde r ly  handover of t racking t o  t h e  l a s e r  and smoothing undesirable 
t r a n s i e n t s  i n  the  output da ta  t h a t  may occur. 
The problem of angle a c q u i s i t i o n  is  f u r t h e r  i l l u s t r a t e d  by t h e  diagr-8 
i n  Fig, 4-3. The upper diagram LLlustsates  t h e  gaometry while  t h e  radar i s  
5 1 
(a.)  Radar to Laser 
Actual Radar Boresight for Rodjar Tracking -, 
Apparent Radar Boresight - Laser Tracking 
Laselr Boreright - Laser Tracking 
ctual Radar Bore.sig~ht - Laser Traclking 
(b.) Laser to Radar 
Fig. 4-3. Angle Tracking Acquisition Geometry - Elevation Only. 
angle  t r ack ing  and t h e  lower diagram i n d i c a t e s  t he  geometry (approxikaately) 
when t h e  l a s e r  is  ang le  t racking .  Note f i r s t  t h e  angular  e r r o r s  i n  the  
r ada r  bores ight  due t o  atmospheric r e f r a c t i o n  of t h e  r ada r  energy, For the 
r e l a t i v e l y  s h o r t  ranges expected f o r  a i r c r a f t  experiments,  t h e  l i n e a r  
d e v i a t i o n ,  r ,  from t h e  apparent  bores ight  a x i s ,  can be adequately 
* 
approximated by 
where R is t h e  r ada r  range,  Re is  t h e  e a r t h ' s  r a d i u s  (3440 n. m i .  and 
5 is  t h e  e l e v a t i o n  of t h e  r ada r  bores ight .  For low e l e v a t i o n  angles ,  t h i s  
reduces t o  
r :  
RL 
6 a 170 x 10  f t ,  
Table 4-1 shows how r v a r i e s  wi th  range ou t  t o  60,000 f t .  o r  approxim~ately 
10 n. m i .  It is  thus  seen t h a t  t h i s  e r r o r  a lone  can be s i g n i f i c a n t .  
For l a s e r  a c q u i s i t i o n  i n  angle  i t  is  seen from the  geometry i n  Fig,  4-3 
t h a t  t h e  antenna w i l l  have t o  swing through an  angle  E L,A' t h e  l a s e r  
a c q u i s i t i o n  angle,  t o  be locked onto t h e  r e t r o r e f l e c t o r  wi th  zero poin t ing  
e r r o r .  Using t h e  small angle  approximation, E is def ined  by 
L , A  
where R is  the  v e r t i c a l  s epa ra t ion  between t h e  l a s e r  bores ight  and the 
* 
This  approximation is  only good t o  1 km. a l t i t u d e  and s tandard day 
condi t ions  f o r  t m p e r a t u r e ,  p re s su re  and water vapor. It assumes a l so ,  tha t  
bending of t h e  l a s e r  beam due t o  r e f r a c t i o n  is n e g l i g i b l e  i n  comparison t o  
t h a t  f o r  t h e  r ada r  beam, The method of determining t h i s  app roxhae ioa  can 
be obtained from Skolnik (Ref. 1 ) . 
Table 4-1 
Tracking Errors  Due t o  Atmospheric Refraction of the  Radar Beam 
Range, R 
K f t .  
-
Ver t i ca l  Tracking Error Due 
t o  Refract ion,  r, 
f t .  
-
apparent radar boresight  ac tua l ly  expected t o  be negative (See Sec. 4.1) ,  
r is  the  e r r o r  due t o  re f rac t ion  of the  radar beam, and p is t h e  separa t ion 
i n  the  e levat ion plane of the  radar beacon antenna (or corner r e f l e c t o r  or 
e f f e c t i v e  radar  center  of the  t a rge t )  and the  re t ro-ref lec tor  t h a t  t h e  
l a s e r  w i l l  t rack.  Each of these  can be on the  order of severa l  f e e t ,  
hence, E can be s ign i f i can t .  
L,A 
A s  mentioned previously, t h e  two main problems of concern a r e  the  
capture problem and the  handover problem. Consider f i r s t  the  capture 
problem. If 'L,A ' E~,max '  capture can occur without any aids.  Table 
4-2 lists est imates of E a s  a function of range f o r  vari'ous values of 
L ,A 
R + p. R w i l l  be f ixed a f t e r  laser i n s t a l l a t i o n  and w i l l  have a value 
Table 4-2 
Range 
R f t .  
Est imates  of Required Laser  Acquis i t ion  Angle 
i n  Eleva t ion  a s  a  Funcelon of Range 
E, , ( i n  m l l l i r a d i a n s )  
Fo r Fo r For For 
= 25 
--- 
i n  t h e  e l eva t ion  p lane  of about -1 ft, p w i l l  depend on the  r e l a t i v e  
l o c a t i o n  of t h e  r e t r o r e f l e c t o r  package and t h e  beacon (or  corner  reflector 
o r  t h e  e f f e c t i v e  radar  cen te r )  on t h e  a i r c r a f t  and on the p i t c h  angle  o f  
t h e  a i r c r a f t ,  The range of va lues  of .Q, -I- p ,  from O t o  25 f t , ,  a r e  con- 
s idered  t o  bracket  a l l  l i k e l y  va lues  encountered i n  t h e  e l e v a t i o n  plane, 
m e n  R + p = 0, t h e  only con t r ibu t ion  t o  G i s  t h e  r e f r a c t i o n  t e rn  
L,A 
s a s  l i s t e d  i n  Table 4-1 and t h e  r e s u l t i n g  va lues  of E a r e  a l l  
=,A 
Note t h a t  a t  rangas g r e a t e r  than 6,00Q ft, ( e l  n ,mi,) ,  E is less 
LBA 
than 1 m r .  un l e s s  Q + p  is  la rge .  A t  ranges l e s s  than 6,000 f t . ,  E L,A 
i nc reases  ve ry  r ap id ly .  
The va lue  of E f o r  t h e  l a s e r  t h a t  w i l l  be purchased i s  unknom- L ,max 
Some leeway i n  i ts  f i n a l  s e l e c t i o n  is poss ib l e ;  however, i t  i s  expected 
t o  be on t h e  o rde r  of 1 t o  2 m i l s  t o  be compatible wi th  angle  t r ack ing  
p r e c i s i o n  requirements of + 0.13 m i l  s t a t e d  i n  Sec. 2. What t h i s  and the 
d a t a  i n  Table 4-2 impl ies  is  t h a t  some type of a c q u i s i t i o n  a i d  f o r  the 
l a s e r  w i l l  be requi red  t o  meet a l l  cont ingencies .  For example, i f  
E L , max = 1 m i l  and Q + p  = 10,  l a s e r  angle  a c q u i s i t i o n  without  some 
a c q u i s i t i o n  a i d  could not  be  achieved a t  ranges l e s s  than  2 n ,  m i .  
The problem is  f u r t h e r  compounded by t h e  s i m i l a r  o f f - se t  i n  t h e  az imuth  
plane, Even though atmospheric r e f r a c t i o n  can be neglected i n  t he  azimuth 
plane,  t h e  analogous angle  E could be a s  l a r g e  o r  even l a r g e r  since 
L ,A 
t h e  Laser o f f s e t  from t h e  radar  bores ight  i s  g r e a t e r  and a i r c r a f t  
dimensions i n  t h i s  plane a r e  t y p i c a l l y  l a r g e r ,  
Before cons ider ing  a c q u i s i t i o n  a i d  schemes t h e  r eve r se  problem of 
angle  a c q u i s i t i o n  wi th  t h e  r ada r  when r e v e r t i n g  from l a s e r  t r ack ing  1s 
noted. Even though E t h e  width of t h e  angle  e r r o r  p a t t e r n  from t h e  R,max' 
radar  r e c e i v e r ,  is l a r g e r  (on t h e  order  of 10 t o  15  mi ls )  than f o r  t h e  
l a s e r ,  t h e  a c q u i s i t i o n  problem is analogous, e s p e c i a l l y  a t  c lose- in 
* 
ranges where the  l a s e r  i s  expected i n  many cases  t o  l o s e  lock. This  means 
t h a t  a c q u i s i t i o n  a id ing  w i l l  a l s o  be  requi red  f o r  t h e  r ada r .  Because of 
t he  commonality of t he  a c q u i s i t i o n  problems f o r  both t h e  r ada r  and l a s e s ,  
"This assumes t h a t  a t  some po in t  t h e  combination of t h e  r e f l e c t i o n  
p a t t e r n s  of t h e  r e t r o r e f l e c t o r  package, t h e  o r i e n t a t i o n  of t he  package 
on t h e  a i r c r a f t ,  and t h e  a t t i t u d e  of t h e  a i r c r a f t  wi th  r e spec t  t o  t h e  
Laser beam w i l l  cause l o s s  of r e t u r n  s i g n a l  t o  t h e  laser r ece ive r .  Br ien-  
r a t i o n  of t h e  r e r r o r e f l e c t o r  and appropr i a t e  f l i g h t  pa th  s e l e c t i o n  w i l l  
prevent t h i s  occurr ing a t  p o s i t i o n s  where l a s e r  t racking  is necessary,  
i t  is  recommended t h a t  t h e y  be  c o n s i d e r e d  t o g e t h e r  when c o n s i d e r i n g  p o s s i b l e  
a c q u i s i t i o n  a i d s ,  
There  are s e v e r a l  p o s s i b l e  approaches  f o r  p r o v i d i n g  acquisitiral-e 
a i d i n g  f o r  swi tchover  of a n g l e  t r a c k i n g  between t h e  laser and r a d a r ,  Three 
prime c a n d i d a t e s  are: 
1 )  manual a i d i n g  
2) superimposed scann ing  p a t t e r n s ,  and 
3) computed a c q u i s i t i o n  b i a s .  
A l l  of t h e s e  i n v o l v e  supp ly ing  a n  o f f s e t  o r  b i a s  s i g n a l  t o  t h e  a n g l e  servos 
d u r i n g  t r a c k i n g .  Manual a i d i n g  is  t h e  s i m p l e s t  and w i l l  probably  be suitable 
f o r  many c a s e s .  It would i n v o l v e  t h e  o p e r a t o r  supp ly ing  a n  o f f s e t  s i g n a l  
w i t h  handwheels o r  a J o y s t i c k  w h i l e  p o s s i b l y  a i d e d  w i t h  a n  o p t i c a l  ox 
v i s u a l  p r e s e n t a t i o n  of t h e  a i r c r a f t  be ing  t r a c k e d ,  I t  is  expected that  
an  exper ienced o p e r a t o r  would be  q u i t e  p r o f i c i e n t  a t  supp ly ing  t h e  necessary 
o f f s e t  i n  t h i s  manner f o r  a n g l e  c a p t u r e  purposes  a t  one-half m i l e  range 
o r  g r e a t e r .  At v e r y  c l o s e - i n  ranges  where p a r a l l a x  e f f e c t s  between radar 
and laser b o r e s i g h t  axes  is  g r e a t  and a n g u l a r  r a t e s  a r e  h i g h ,  some 
d i f f i c u l t y  may b e  exper ienced .  Even though manual a i d i n g  i s  n o t  recomezzldefr 
as t h e  pr imary a c q u i s i t i o n  a i d ,  i t  shou ld  be  provided a s  a back-up 
c a p a b i l i t y .  Manual a i d i n g  would d e f i n i t e l y  r e q u i r e  supplementary means 
of smoothing o u t p u t  d a t a  d u r i n g  t h e  t r a n s i t i o n .  
The u s e  of superimposed scanning of t h e  an tenna  i n  azimuth and elevation 
would s imply p r o v i d e  a means of s e a r c h i n g  f o r  t h e  t a r g e t  w i t h  one beam, 
s a y  t h e  l a s e r ,  w h i l e  c o n t i n u i n g  t o  t r a c k  w i t h  t h e  o t h e r ,  t h e  r a d a r .  It i s  
expected f o r  s i m p l e r  c a p t u r e  purposes  t h a t  t h i s  could b e  made t o  work quite 
w e l l  f o r  swi tchover  from r a d a r  t o  laser a n g l e  t r a c k i n g .  P r e s e l e c t e d  
s e a r c h  p a t t e r n s  could  be  developed and even opt imized f o r  each expertnaent 
based on a p r i o r i  i n f o m a t i o n  on f l i g h t  p a t h ,  r e f r a c t i o n  e f f e c t s ,  e t c .  A 
d i s t i n c t  advan tage  of t h i s  method i s  t h a t  t h e  i n s t a n t e o u s  b i a s  s i g n a l  would 
be  known and means dev i sed  f o r  s u b t r a c t i n g  i t  from t h e  o u t p u t  e l e v a t i o n  
and azimuth d a t a  t o  g e t  t r u e  p o s i t i o n .  The l i m i t s  on s c a n  would have t o  
be  less t h a n  t h e  v a l u e s  of E f o r  t h e  r a d a r  s i n c e  i t  i s  r e q u i r e d  La R , max 
m a i n t a i n  t r a c k  w h i l e  scann ing  is accomplished.  The method would n o t  w o r k  
a s  e a s i l y  f o r  t h e  r e v e r s e  c a s e  of s w i t c h i n g  from laser t o  r a d a r  t r a c k i n g  
because  of t h e  s m a l l  v a l u e s  of E ~ , ~ ~ ~  a n t i c i p a t e d .  Th is  c a s e  would 
r e q u i r e  f i r s t  s w i t c h i n g  t o  a "coast"  mode ( a l r e a d y  a v a i l a b l e  i n  t h e  
r a d a r  system) h e r e  t h e  an tenna  i s  d r i v e n  a t  c o n s t a n t  rates based on 
t h e  most r e c e n t l y  e s t a b l i s h e d  rates. Antenna s c a n  would t h e n  b e  
superimposed on t h e  c o a s t  d r i v i n g  s i g n a l  t o  s e a r c h  f o r  and l o c a t e  t h e  
t a r g e t  w i t h  t h e  r a d a r .  
A v a r i a t i o n  of t h e  scann ing  method i s  t o  s c a n  s e p a r a t e l y  w i t h  t h e  
base r  r e c e i v e  p a t t e r n .  For example, t h e  I T T  sys tem d i s c u s s e d  i n  Sec. 3 , l . J .  
i n  i t s  p r e s e n t  form i s  c a p a b l e  of scann ing  over  + 1 5  deg. i n  azimuth 
and e l e v a t i o n  by mechan ica l ly  s t e e r i n g  t h e  t r a n s m i t  beam w i t h  a m i r r o r  
mounted on a p i e z o e l e c t r i c  c r y s t a l  which i s  d r i v e n  by a n  e l e c t r i c a l  steering 
signal. It i s  no ted  a l s o  t h a t  t h e  same s c a n  approach,  w i t h  t h e  s c a n  
l i m i t s  narrowed t o  0 . 1  d e g . ,  i s  used f o r  t r a c k i n g .  Th is  t echn ique  w i t h  
scanning L imi t s  narrowed somewhat from 1 5  deg. could be employed t o  Locate 
t h e  a i r c r a f t  w i t h  t h e  o p t i c a l  system. It appears  l i k e l y  t h a t  t h e  reverse 
problem of swi tchover  from laser t o  r a d a r  could be accomplished w i th  this 
approach by supp ly ing  a predetermined b i a s  t o  t h e  s c a n  s i g n a l  w h i l e  tracking 
w i t h  t h e  l a s e r .  A s i m i l a r  laser beam scanning system u s i n g  gimbals  i s  
cons idered  f e a s i b l e  b u t  t o o  unwieldy f o r  t h i s  a p p l i c a t i o n .  
The t h i r d  approach mentioned above f o r  a c q u i s i t i o n  a i d i n g  i n v o l v e s  
computation of a n  a c q u i s i t i o n  b i a s  and supp ly ing  t h i s  as a n  o f f s e t  s i g n a l  
t o  t h e  a n g l e  s e r v o s .  T h i s  is  cons idered  a r e a d i l y  f e a s i b l e  approach s i n c e  
c o n s i d e r a b l e  i n f o r m a t i o n  w i l l  b e  k n o m  c o n t i n u o u s l y  from which t h e  errors 
R ,  p, and r (See F ig .  4-3) could be  c o n t i n u o u s l y  e s t i m a t e d .  Values o f  
E (and E ) cou ld  t h u s  be  c o n t i n u o u s l y  computed and used t o  e f f e c t  a 
,A R , A  
more o r d e r l y  and smooth handover t h a n  any of t h e  above approaches  w i l l  
probably  a l low.  For example, t h e  b i a s  t o  t h e  e l e v a t i o n  loop  f o r  laser 
a c q u i s i t i o n  could  be  p r o g r a m e d  as R ( t )  
" 
where K ( t )  i s  a predetermined 
f u n c t i o n  of t ime  a l lowed t o  v a r y  monoton ica l ly  from 0 t o  I over  a t ime  
per iod  d e r i v e d  f o r  t h e  t r a n s i t i o n .  The r e v e r s e  t r a n s i t i o n  from l a s e r  
t o  r a d a r  could  be  handled i n  a similar manner b u t  probably  r e q u i r i n g  a l s o  
t h e  c o a s t  mode as mentioned above f o r  t h e  scann ing  c a s e .  I f  t h e  computed 
b i a s  approach i s  t o  be u s e d ,  a wide r a n g e  of o p t i o n s  on t h e  s p e c i f i c  shaph 
* 
and d u r a t i o n  of R ( t ) ,  shou ld  be a v a i l a b l e  t o  t h e  u s e r .  For example, some 
u s e r s  will only  be  u s i n g  d a t a  a f t e r  l a s e r  t r a c k i n g  i s  i n i t i a t e d ,  and a 
r a p i d l y  changing,  s h o r t  d u r a t i o n  K ( t )  p o s s i b l y  even a s t e p  f u n c t i o n ,  should 
be inc luded  t o  e f f e c t  t h e  q u i c k e s t  p o s s i b l e  a c q u i s i t i o n  and swi tchover  
to Laser t r a c k i n g *  T h i s  same "abrupt'Qype of f u n c t i o n  w i l l  probably be 
t h e  most s u i t a b l e  f o r  t h e  a c q u i s i t i o n  and switchover  from l a s e r  t o  radar ,  
Another p r o j e c t  i s  concerned on ly  w i t h  p r e v e n t i n g  l a r g e  s t e p s  from appea r i r~g  
Zk 
K ( t )  w i l l  be ,  i n  e f f e c t ,  a t h r e e  component v e c t o r  t o  e f f e c t  t r a n s i t i o n  
i n  a l l  three c o o r d i n a t e s  of azimuth,  e l e v a t i o n ,  and range ,  The components 
f o r  azimuth and e l e v a t i o n  can p robab ly  b e  made i d e n t i c a l .  The range  
component, however, may be  q u i t e  d i f f e r e n t  s i n c e  i t s  o n l y  u s e  w i l l ,  i n  e f f e c t ,  
be  t o  smooth t h e  o u t p u t  range  d a t a .  For example, t h e  K ( t )  component fer 
range  could  o n l y  start i t s  i n c r e a s e  a f t e r  r ange  "lock-on" w i t h  t h e  l a s e r  
system is  confirmed and would o n l y  be  used i n  t h e  d a t a  hand l ing  s y s t c  am to 
c r e a t e  t h e  d e s i r e d  t r a n s i t i o n  of o u t p u t  d a t a  t h a t  i n v o l v e s  r a n g e  d a t a  i n p u t s ,  
on the  ZLS c ros spo in t e r s  during t h e  switchover t h a t  might confuse t h e  
p i l o t  and a  l i n e a r  func t ion  of K(t)  f o r  a  5 t o  10 sec .  would be 
appropr ia te .  S t i l l  another  p r o j e c t  has s p e c i f i e d  only t h a t  switchover 
t r a n s i e n t s  be known o r  p red ic t ab le .  
It is  u n c e r t a i n  a t  t h i s  s t a g e  which p a r t i c u l a r  method f o r  a id ing  
a c q u i s i t i o n  w i l l  be t h e  most s u i t a b l e  arid w i l l  depend t o  a  l a r g e  ex ten t  
upon s p e c i f i c  des ign  f e a t u r e s  such a s  t ransmi t  beam width,  angle  e r r o r  
genera t ion  scheme, and ang le  scan c a p a b i l i t y  of t h e  l a s e r  r ece ive r  
of t he  l a s e r  system t o  be se l ec t ed .  Trade-off s t u d i e s  a r e  needed 
t o  s e l e c t  des ign  parameters compatible wi th  achievement of  a c q u i s i t i o n .  
I n  p a r t i c u l a r ,  i t  is  recommended t h a t  procurement s p e c i f i c a t i o n s  f o r  the 
l a s e r  system inc lude  provis ion  f o r  acqu i s i t i on .  These s p e c i f i c a t i o n s  
should inc lude  t h e  fol lowing:  
(1) Achievement of switchover from rada r  ang le  t r ack ing  t o  
l a s e r  angle  t r ack ing  w i t h i n  a  per iod of 5 sec.  under t h e  
fol lowing condi t ions :  
(a) Range between 3 K  f t .  and 36 K f t .  
(b) Standard day condi t ions  of temperature and pressure  
(c) V i s i b i l i t y  g r e a t e r  than 5 n. m i .  
(d) A l t i t u d e s  t o  5 K  f t .  
(e)  Angular r a t e s  t o  10 deg. /sec.  
(2) Achievement of switchover from l a s e r  angle  t racking  t o  radar  
angle  t r ack ing  wi th in  a  per iod of 2 s ec .  under t he  fol lowing 
condit ions:  
(a)  Range of 500 f t ,  t o  36K f t .  
(b) Minimum e l e v a t i o n  of 0 , 5  deg, t o  maximum a l t i t u d e  
of 5K f t .  
(c)  Angular r a t e s  t o  45 deg . / sec .  
( 3 )  Achievement of radar  ang le  t r ack ing  wi th in  a  per iod of 2  s ec .  
from t h e  time the  l a s e r  l o s e s  angle  t r ack ing  lock-on under 
t h e  fol lowing condi t ions :  
(a)  Range of 500 f t .  
(b) A l t i t u d e  of 50 f t .  
(c )  Angular r a t e s  t o  45 deg. /sec.  
( 4 )  N o t i f i c a t i o n  t o  NASA wi th in  t h r e e  (3) months from t h e  s t a r t i n g  
d a t e  of t h e  procurement c o n t r a c t  o f :  
(a)  Spec ia l  ins t rumenta t ion  and input  d a t a  needed t o  
e f f e c t  i tems ( I ) ,  ( 2 ) ,  and (3)  above, 
(b) Required p rec i s ion  of des igna te  i npu t s  t o  t he  radar  
angle  servos  t o  achieve l a s e r  angle  t r ack ing  
a c q u i s i t i o n  when t h e  r ada r  i s  n e t  t racking ,  
(c) Required algori thms f o r  s p e c i a l  smoothing of t r a n s i e n t s  
i n  output  d a t a  during switchover f o r  t r a n s i t i o n  
du ra t ion  ranging from 0 t o  1 5  sec.  
4,1.3 LaserlRadar S igna l  I n t e r f a c e  
For t h e  planned conf igura t ion  of mounting the  l a s e r  d i r e c t l y  on the 
FPS-16 r ada r  antenna, interchange of c e r t a i n  s i g n a l s  between the  l a s e r  and 
radar  w i l l  be required.  For example, during l a s e r  t racking  t h e  l a s e r  
r ece ive r  w i l l  supply t h e  poin t ing  e r r o r s  t o  t h e  r ada r  angle  servos,  Opera.- 
t i o n a l  mode con t ro l ,  i n d i c a t o r s ,  and s p e c i a l  s i g n a l s  f o r  a c q u i s i t i o n  are 
o t h e r  examples of s i g n a l  i n t e r f a c i n g .  Th is  s e c t i o n  e x p l o r e s  t h e  
g e n e r a l  r equ i rements  f o r  recommendation o f  approaches.  Because t h e  
r a n g i n g  o r  r a n g e  t r a c k i n g  o p e r a t i o n s  of t h e  laser and r a d a r  are 
e s s e n t i a l l y  m u t u a l l y  e x c l u s i v e  (excep t ,  perhaps ,  f o r  a i d i n g  r a n g e  
a c q u i s i t i o n ) ,  t h e i r  s i g n a l  i n t e r f a c i n g  w i l l  b e  minimal and i s  n o t  included 
i n  t h e  d i s c u s s i o n  t h a t  f o l l o w s .  The emphasis i s ,  t h e r e f o r e ,  on o p e r a t i o n  
r e l a t e d  t o  a n g l e  t r a c k i n g  loops .  
A diagram of t h e  FPS-16 azimuth a n g l e  t r a c k i n g  loop  i s  shown i n  
F i g ,  4-4. (The e l e v a t i o n  loop  i s  e s s e n t i a l l y  t h e  same e x c e p t  t h e  secant 
c o r r e c t i o n  network i s  n o t  r e q u i r e d . )  The an tenna  i s  p o s i t i o n e d  by the 
p e d e s t a l  and i ts  d r i v e  motor which r e c e i v e s  p o i n t i n g  s i g n a l s  from var ious  
s o u r c e s  depending upon t h e  mode of o p e r a t i o n  of t h e  a n g l e  t r a c k i n g  Eoope 
2k 
as c o n t r o l l e d  by t h e  r e l a y  c o n t a c t s  shown i n  F ig .  4-4. Primary modes 
of r a d a r  o p e r a t i o n  t o  be  cons idered  i n  c o n j u n c t i o n  w i t h  i n t e r f a c i n g  the  
l a s e r  and r a d a r  a r e :  
( I )  Manual o r  Synchro Des igna te  and Scan -- an tenna  f o l l o w s  
p o i n t i n g  s i g n a l s  s u p p l i e d  through c o n t a c t s  of r e l a y  R-1 
(See F ig .  4-4) which can  be  e i t h e r  from manual c o n t r o l s  
such a s  t h e  handwheels o r  j o y s t i c k ,  e x t e r n a l  s o u r c e s  
v i a  synchro i n p u t s ,  o r  t h e  s c a n  g e n e r a t o r .  Switching 
of r e l a y  K - l  i n t o  t h i s  node a u t o m a t i c a l l y  causes  r e l a y  
K-4 t o  s w i t c h  c o n t a c t s  ( t h r e e  sets shown) t o  t h e  
""Designate" p o s i t i o n .  
(2) D i g i t a l  Des igna te  -- an tenna  f o l l o w s  p o i n t i n g  s i g n a l s  
s u p p l i e d  through c o n t a c t s  of r e l a y  K-2 from e x t e r n a l l y  
&- 
The s p e c i f i c  modes d e f i n e d  h e r e  a r e  d e s i g n a t e d  p r i m a r i l y  f o r  convenience la  

































































s u p p l i e d  d i g i t a l  d e s i g n a t e  i n p u t s .  Switching of r e l a y  
K-2 i n t o  t h i s  mode a u t o m a t i c a l l y  c a u s e s  r e l a y  K-4 t o  
s w i t c h  c o n t a c t s  ( t h r e e  sets shown) t o  t h e  '%@signa te"  
p o s i t i o n .  
(3) Coast  -- d e f i n e d  by r e l a y  K-3 c o n t a c t s  swi tched from 
"Track9' t o  "Coast" p o s i t i o n  and c a u s e s  t h e  ar , tenaa t o  
f o l l o w  t h e  p o i n t i n g  s i g n a l  s t o r e d  i n  t h e  c a p a c i t o r s  
of t h e  s e r v o  bandwidth c o n t r o l  network immediately 
f o l l o w i n g  r e l a y  K-3. 
(4 )  Manual Slew -- an tenna  f o l l o w s  manual s l ew s i g n a l  from 
t h e  c o n s o l e  v i a  c o n t a c t s  of r e l a y  K-5. 
(5) Automatic (Radar) Tracking -- an tenna  f o l l o w s  p o i n t i n g  
s i g n a l s  genera ted  by t h e  r a d a r  r e c e i v e r  and is i n d i c a t e d  
i n  F ig .  4-4 by t h e  r e l a y  c o n t a c t s  shown i n  t h e  t r a c k  
p o s i t i o n .  
Other  modes t h a t  could  be d e f i n e d  from p o s i t i o n s  of o t h e r  r e l a y s  
(K-6 and K-7) are i r r e l e v a n t  f o r  p r e s e n t  d i s c u s s i o n  a s  t h e  f u n c t i o n s  
c o n t r o l l e d  by t h e s e  r e l a y s  were  provided o r i g i n a l l y  f o r  sh ipboard  
o p e r a t i o n .  They a r e  brought  t o  t h e  r e a d e r ' s  a t t e n t i o n  merely t o  i n d i c a t e  
t h e i r  p resence  i n  t h e  e v e n t  t h a t  some b e n e f i c i a l  u s e  might be  l a t e r  
dev i sed  f o r  t h e  i n p u t s  o r  t h e  a s s o c i a t e d  hardware a l r e a d y  s u p p l i e d  f o r  
t h e s e  f u n c t i o n s .  
With r e g a r d  t o  i n t e g r a t i n g  l a s e r  and r a d a r  a n g l e  o p e r a t i o n s  a  key 
mode t o  be  added is: 
( 6 )  Automatic ( l a s e r )  Tracking--antenna (and hence t h e  laser beam) 
f o l l o w s  p o i n t i n g  s i g n a l s  g e n e r a t e d  by t h e  laser receiver, 
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A d d i t i o n  of t h i s  mode w i l l  r e q u i r e  i n c l u d i n g  a  r e l a y  w i t h  c o n t a c t s  connected 
s o  t h a t  t h e  s e r v o  r e c e i v e s  i t s  d r i v e  from e i t h e r  t h e  l a s e r  r e c e i v e r  or 
t h e  r a d a r  r e c e i v e r  when i n  t h e  a u t o m a t i c  mode. Impor tan t  q u e s t i o n s  concern 
where t o  l o c a t e  t h e  c o n t a c t s  and what l o g i c  i s  used t o  c o n t r o l  t h e  r e l a y ,  
A c q u i s i t i o n  and handover of t r a c k i n g  as d i s c u s s e d  i n  Sec,  4.1.2 a r e  aLsc 
t o  b e  c o n s i d e r e d  and t h e s e  may r e q u i r e  a d d i t i o n a l  i n s t r u m e n t a t i o n .  I t  i s  
a l s o  impor tan t  t h a t  w i t h  a d d i t i o n  of t h e  laser, modes (1) through (4 )  
l i s t e d  above b e  p rese rved  and a v a i l a b l e  w i t h  l a s e r  o p e r a t i o n  as w e l l  a s  
w i t h  normal r a d a r  o p e r a t i o n .  
Var ious  p o s i t i o n s  were  cons idered  throughout  t h e  loop  f o r  p o s s i b l e  
l o c a t i o n  of r e l a y  c o n t a c t s  f o r  s w i t c h i n g  between r a d a r -  and l a s e r - g e n e r a t e d  
p o i n t i n g  e r r o r  s i g n a l s .  The p o s i t i o n  l a b e l e d  A was cons idered  t h e  most 
d e s i r a b l e  from several p o i n t s  of view, F i r s t ,  t h e  form of t h e  e r r o r  signal 
r e q u i r e d  a t  t h i s  p o i n t  i s  d . c .  w i t h  t h e  i n s t a n t a n e o u s  l e v e l  d i r e c t l y  
* 
p r o p o r t i o n a l  t o  t h e  a c t u a l  p o i n t i n g  e r r o r  de layed  by,  a t  most ,  50 p s e c ,  
due t o  d e l a y  i n  t h e  r e c e i v e r .  T y p i c a l  d e s i g n s  of e x i s t i n g  laser t r a c k e r  
r e c e i v e r s  a l r e a d y  p rov ide  p o i n t i n g  e r r o r  o u t p u t s  i n  d , c ,  fonn ,  Even 
though t h e  d e l a y  i n  l a s e r  r e c e i v e r s  i s  unknown, i t  i s  n o t  l i k e l y t o  
exceed SO p s e c ,  A t  any r a t e ,  t h i s  d e l a y  i s  n o t  a  c r i t i c a l  parameter unless  
i t  is  l a r g e  enough t o  a f f e c t  t h e  o v e r a l l  dynamic response  of t h e  l o o p ,  
The e r r o r  g r a d i e n t  ( i , e , ,  v o l t a g e  l e v e l  as a  f u n c t i o n  of a c t u a l  b o r e s i g h t  
e r r o r  as shown i n  F ig .  4-2) from t h e  laser i s  expected t o  be  l i n e a r  near 
z e r o  as i t  l o  from t h e  r a d a r  r e c e i v e r .  Any d i f f e r e n c e s  i n  s l o p e  can be  
compensated f o r  by s imply a v o l t a g e  g a i n  (o r  a t t e n u a t i o n ) .  The d e p a r t u r e  
from e r r o r  g r a d i e n t  l i n e a r i t y  a t  l a r g e r  p o i n t i n g  e r r o r s  w i l l ,  no d o u b t ,  
Jr 
This  d e l a y  t ime  was d i s c e r n e d  from t h e  d e s c r i p t i o n  i n  t h e  r a d a r  manual 
of t h e  g e n e r a t i o n  of t h e  (square-wave) r e f e r e n c e  v o l t a g e  f o r  t h e  demodulator 
j u s t  p reced ing  t h e  l o c a t i o n  of p o i n t  A. 
be d i f f e r e n t  between t h e  l a s e r  and r ada r  r e c e i v e r  ou tputs .  This w i l l  
r e q u i r e  a d d i t i o n a l  in format ion  on t h e  r ada r  and on t h e  p o s s i b l e  l a s e r  
des igns  be fo re  t h e  necessary c h a r a c t e r i s t i c s  can be matched. Note t h a t  
i t  i s  not  n e c e s s a r i l y  a  requirement t h a t  t h e  n o n l i n e a r i t i e s  be i d e n t i c a l ,  
I n  p a r t i c u l a r ,  t h e  l i m i t e r s  ( 2 7  v o l t s  j u s t  fol lowing poin t  A and 8.2  volts 
downstream p a s t  t h e  bandwidth c o n t r o l  networks) might poss ib ly  negate  the 
importance of any d i f f e r e n c e s  due t o  n o n l i n e a r i t i e s .  
One of t h e  major advantages t o  i n t e r f a c i n g  a t  po in t  A i s  t h e  mirhhum 
i n t e r f e r e n c e  wi th  t h e  hardware and f u n c t i o n a l  a spec t s  of o the r  p a r t s  of the  
servo loop. F i r s t  no te  t h a t  wi th  poin t ing  e r r o r  switching Cbetween the  radar 
and l a s e r )  a t  po in t  A none of t h e  mode func t ions  con t ro l l ed  by r e l a y s  down- 
stream from po in t  A a r e  d i s tu rbed .  Even wi th  t h e  l a s e r  switched i n t o  the 
c i r c u i t ,  t h e  modes of d i g i t a l  des igna te ,  coas t ,  t r a c k ,  and slew can be 
switched i n  and out  a s  i n  normal r ada r  opera t ion .  I n  p a r t i c u l a r ,  i t  i s  
considered wise not  t o  i n t e r f e r e  wi th  any of t h e  pedes t a l  d r i v e  c i r c u i t r y  
( t h a t  downstream from t h e  secan t  c o r r e c t i o n ) .  
An i n i t i a l  "'cut" a t  mode switching l o g i c  f o r  c o n t r o l l i n g  t h e  in t eg ra t ed  
l a s e r / r a d a r  opera t ion  i s  i l l u s t r a t e d  i n  Fig. 4-5. Note t h a t  t h e  only 
hardware requirements f o r  i n t e g r a t i n g  t h e  l a s e r  opera t ion  wi th  t h e  r ada r  i s  
four  r e l a y s ,  one of which, K-4 may poss ib ly  only be a  replacement of an 
e x i s t i n g  r e l a y  wi th  one t h a t  has an a d d i t i o n a l  s e t  of con tac t s .  This  
diagram assumes t h a t  t h e  poin t ing  e r r o r s  a r e  der ived from amplitude 
comparison monopulse opera t ion  us ing  t h e  four  outputs  from a  four-quadrant 
* 
s o l i d  s t a t e  de t ec to r .  It seems reasonable t o  expect  then t h a t  t h e  
d e t e m i n a t i o n  of whether l a s e r  angle  lock-on can be achieved can be based 
on t h e  sum of t h e  outputs  of a l l  four  quadrants ;  i . e .  i f  t h e  sum signal 
* 
Use of o the r  types of d e t e c t o r s  ]nay g r e a t l y  a l t e r  t h e  approach; however, 
t he  b a s i c  mode c o n t r o l  philosophy i l l u s t r a t e d  should be preserved. 

exceeds  a predetermined l e v e l ,  t h e  t h r e s h o l d  v a l u e ,  t h i s  i s  perhaps  
adequa te  i n d i c a t i o n  t h a t  t h e  t a r g e t  i s  w i t h i n  t h e  beam and can be 
a c q u i r e d  i n  a n g l e ,  A s  i n d i c a t e d ,  t h e s e  t h r e s h o l d  d e t e c t e d  p u l s e s ,  
h e l d  from p u l s e  t o  p u l s e  t o  form a  d.c. s i g n a l  (and a p p r o p r i a t e l y  power 
a m p l i f i e d ) ,  would t h e n  p r o v i d e  t h e  e x c i t a t i o n  t o  a r e l a y ,  KC-l, bJhfch 
would t h e n  s w i t c h  from r a d a r - t o  l a s e r - g e n e r a t e d  p o i n t i n g  e r r o r s  as i n p u t s  
t o  t h e  a n g l e  s e r v o  l o o p s ,  Th is  presupposes  t h a t  a  l a s e r  t r a c k  enaible 
comand  h a s  been g iven  a t  t h e  c o n s o l e  which e n e r g i z e s  r e l a y  K-2 eaiabling 
t h e  above l o g i c  t o  be i n  e f f e c t .  Relay K-3 i s  provided t o  s imply by-pass 
complete ly  t h e  r a d a r  a n g l e  t r a c k i n g  mode and r e l y  t o t a l l y  on t h e  Laser, 
A s  e a r l i e r  n o t e d ,  one would s t i l l  be  a b l e  t o  u s e  t h e  d e s i g n a t e  modes t o  
a i d  a c q u i s i t i o n ,  Relay K-4 i s  provided t o  complete t h e  loop  o n l y  when 
manual d e s i g n a t e  is commanded. A s  no ted  above,  t h i s  r e l a y  w i l l  n o t  be 
needed i f  a n  a d d i t i o n a l  s e t  of c o n t a c t s  can be  provided on an  e x i s t i n g  re,ay 
i n  t h e  r a d a r  which c o n t r o l s  t h e  swi tch ing  of t h e  manual d e s i g n a t e .  Note 
t h a t  w i t h  t h e  l a s e r  i n  t h e  c i r c u i t  a s  c o n t r o l l e d  by r e l a y  K-2, i f  track is 
last ,  t h e  e x c i t a t i o n  t o  r e l a y  K - l  i s  l o s t  and t h e  systcrn immediately rebrerLs 
t o  r a d a r  a n g l e  t r a c k i n g .  
The p a r t i c u l a r  s t r a t e g y  t o  u s e  a t  t h i s  p o i n t  t o  i n s u r e  t h a t  r a d a r  
t r a c k i n g  i s ,  i n  f a c t ,  resumed, was d i s c u s s e d  i n  Sec.  4.1.2 and w i l l  depend 
upon whether a c q u i s i t i o n  a i d i n g  is r e q u i r e d  and what method of a c q u i s i t i o n  
a i d i n g  i s  employed. For example, a d d i t i o n a l  l o g i c  may b e  r e q u i r e d  t o  
f i r s t  e n t e r  a "Coast" mode w h i l e  r a d a r  a n g l e  t r a c k i n g  a c q u i s i t i o n  is  acuieved 
by manual a i d i n g ,  superimposed scann ing ,  o r  a  computed b i a s  i n p u t ,  
Appropr ia te  m o d i f i c a t i o n s  t o  t h e  c i r c u i t  shown i n  F ig .  4-4 w i l l  be  r equ i r ed  
t o  p rov ide  t h i s ,  i f  needed. Also as mentioned i n  Sec. 4 .1 .2 ,  t h e  method 
of a c q u i s i t i o n  a i d i n g  w i l l  have t o  be s u i t a b l e  f o r  b o t h  d i r e c t i o n s  of 
t r a c k i n g  changeover,  i .e . ,  from radar - to - lase r  and from Laser- to-radar ,  
O r ,  i f  s e p a r a t e  methods a r e  requi red  f o r  t h e  two, they w i l l  have t o  be 
compatible. Fur ther  s tudy w i l l  be r equ i r ed  t o  determine t h e  necessary 
c i r c u i t  modi f ica t ions .  
I n  s u m a r y ,  t h e  requi red  s i g n a l  i n t e r f a c i n g  between t h e  l a s e r  and radar 
is  r e a d i l y  f e a s i b l e .  The c i r c u i t  modi f ica t ions  t o  provide interchange-  
a b i l i t y  of t h e  angle  servo d r i v e  s i g n a l s  from e i t h e r  t he  r ada r  o r  the  
l a s e r  is  minimal. For one l a s e r  r e c e i v e r  conf igura t ion  considered,  only 
four  a d d i t i o n a l  r e l a y s  would be requi red  t o  e f f e c t  t h e  switching,  In te-  
g r a t i o n  of t h e  l o g i c  t o  provide and c o n t r o l  a c q u i s i t i o n  a id ing  w i l l  
r e q u i r e  a d d i t i o n a l  modi f ica t ions  but  i s  r e a d i l y  f e a s i b l e .  It i s  recom- 
mended t h a t  development of t h e  necessary s i g n a l  i n t e r f a c i n g  betwee~ra the 
l a s e r  and r ada r  be included i n  t h e  laser procurement. 
4.1.4 Tracking Loop Dynamics 
This s e c t i o n  cons iders  t r ack ing  loop dynamics and t h e  compa t ib i l i t y  
of t h e  l a s e r  t o  e x i s t i n g  dynamic c h a r a c t e r i s t i c s  of t he  radar .  Again, 
because t h e  ranging o r  range systems of t h e  r ada r  and l a s e r  w i l l  be 
s epa ra t e ,  a t t e n t i o n  i s  focused on angle  t racking.  
For maximum t r ack ing  r a t e s  t h e  r ada r  manual l ists 800 mi l s / s ec ,  
(45 deg. /sec.)  f o r  t he  azimuth loop and 450 mi l s / s ec .  (25 deg./sec>i for 
t h e  e l eva t ion  loop. For a  s t r a i g h t - l i n e ,  cons tan t  speed "pass course8'  
f l i g h t  pa th ,  we compute t h e  maximum l i n e a r  t a r g e t  v e l o c i t y  t h a t  can be 
followed f o r  a  given range. From t h e  geometry shown i n  Fig. 4-6, the  
angular  azimuth r a t e  i s  
where w is  t h e  maximum angular  v e l o c i t y  ( i n  azimuth) which i s  achieved 
m 
a t  t h e  crossover  po in t  where t h e  v e l o c i t y  vec to r  i s  normal t o  t h e  
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Fig ,  4-6 ,  Geometry f o r  S t ra igh t -L ine  Pass  Course,  
r a d a r - t o - t a r g e t  l i n e - o f - s i g h t ,  o r  
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A t  t h e  c l o s e s t  t r a c k i n g  range  of 500 f t  r e q u i r e d ,  t h e  t a r g e t  v e l o c i t y  
r e q u i r e d  t o  produce t h e  maximum r a t e d  a n g u l a r  v e l o c i t y  is 
V t  = 500 f t .  x  0.8  r a d s / s e c .  
= 400 f t . / s e c .  (-240 k n o t s ) .  
The angu la r  a c c e l e r a t i o n  i s  
2 3 ? = 2 w  s i n  q cos  q 
m 
which has  maxima a t  9 3 0  deg. azimuth a n g l e  from t h e  d i r e c t i o n  a t  crossover, 
For a s t r a i g h t - l i n e ,  constant-speed p a s s  c o u r s e  t h a t  y i e l d s  t h e  800 mil,/sec, 
maximum r a t e ,  t h e  maximum angular  a c c e l e r a t i o n s  a t  t hese  maxima a r e  2 0e65 o 2 rn 
2 
or  about + 400 m i l .  / sec .  (24 deg. / s ec .  ) . Maximum r a t e d  va lues  of 
1300 m i l s / s e c a 2  a r e  l i s t e d  i n  t h e  radar  manual f o r  both t h e  azimuth and 
e l e v a t i o n  loops ,  which impl ies  t h a t  r a t h e r  severe  a i r c r a f t  maneuvers would 
have t o  r e s u l t  before  t h i s  maximum c a p a b i l i t y  is  c l o s e l y  approached, For 
e x m p l e ,  even f o r  a 500 f t ,  minimum ranse  pass  course  a t  t he  proviaus 
computed speed of 400 f t , / s e c , ,  an a i r c r a f t  would have t o  p u l l  an a d d i t i o n a l  
maneuver of 500 f t .  /set.' (about 15  gvss) t o  achieve t h e  11300 m i l / s e e ,  d! 
The d y n m i c  l a g  e r r o r s  caused by these  r a t e s  can be determined w i t h  
known va lues  of t h e  servo  e r r o r  cons t an t s  \ and K . Unfortunately,  
a 
%k 
t he se  a r e  p re sen t ly  unavai lab le .  
If one assumes a maximum al lowable servo l a g  e r r o r  of 12 mi l s  for t h e  
800 rni l . /sec,  maximum r a t e ,  t h i s  impl ies  t h a t  t he  v e l o c i t y  e r r o r  cons t an t ,  
Kv?m1d have t o  be a t  l e a s t  65/sec. A type  11 servo has an i n f i n i t e  
v e l o c i t y  e r r o r  cons tan t ;  however, t h e  angle  servos  i n  t h i s  radar  a r e  
a modified Type h design.  I t  is  suspected,  however, t h a t  t h e  a c t u a l  ualoe 
i s  g r e a t e r  than 65/sec . ,  say ,  on t h e  order  of 300/sec, o r  g r e a t e r .  S h i l a r L y ,  
2 
t he  maximum a c c e l e r a t i o n  of 1 .3  rad . / sec .  impl ies  t h a t  the  a c c e l e r a t i o n  
2 
e r r o r  cons tan t ,  Ka ,  would have t o  be a t  l e a s t  l lO/sec .  . 
Jc 
Servo dynamic c h a r a c t e r i s t i c s  l i s t e d  i n  t he  a v a i l a b l e  manual a r e  rather 
l im i t ed .  A r eques t  has  been made t o  RCA v i a  NASA Wallops f o r  a d d i t i o n a l  
d e t a i l ,  There is some incons is tency  i n  t h e  radar  manual i n  va lues  given for 
bandwidth of t h e  angle  servos.  The t a b u l a t i o n  of parameters i n  Sec. 1-6 
of t h e  manual and repeated i n  Table 3-1 of t h i s  r e p o r t  l i s t  bandwidths of 
0.5 t o  2 .5  Hz i n  t h r e e  s t e p s .  Sec t ion  1V.d of t h e  manual l i s ts  t h r e e  
s e t t i n g s  of 1, 2 . 5  and 4.4 Hz. Sect ion  3-4, on t h e  o the r  hand, shows a 1 2  
pos i t i on  r o t a r y  switch f o r  angle  servo  bandwidth s e l e c t i o n  but  nurnbercls are 
not  given f o r  t h e  s e t t i n g s .  
Simi lar  cons idera t ion  of t h e  e l e v a t i o n  loop would y i e l d  t h e  same 
conclusion t h a t  more information i s  needed; however, i n  no case  f o r  
a i r c r a f t  experiments i s  it expected t h a t  t h e  e l e v a t i o n  loop w i l l  be 
requi red  t o  ope ra t e  near  i t s  maximum v e l o c i t y  and a c c e l e r a t i o n  c a p a b i l i t y ,  
Considerat ion of t h e  l a s e r  t r a c k e r  i n  angle  t r ack ing  must inc lude  
i t s  c a p a b i l i t i e s  f o r  opera t ing  a t  high v e l o c i t i e s  and a c c e l e r a t i o n s ,  Ie 
was considered i n  Sec, 4.1.3 t h a t  t h e  l a s e r  could be i n t e r f a c e d  (signal- 
wise) by merely switching i n t o  t h e  r ada r  angle  servo loops a t  t h e  point 
of t h e  d.c,  po in t ing  e r r o r  implying t h a t  no a d d i t i o n a l  equa l i za t ion  o r  
dynamic compensation would be needed. Consider, hoQever, t h e  l i m i t a t i o n  
of t he  po in t ing  e r r o r  maximum from t h e  l a s e r  r e c e i v e r ,  With a four-  
quadrant de t ec to r ,  amplitude comparison scheme a s  proposed by one laser 
manufacturer,  t h e  angular  width of t h e  p o s i t i v e  s lope  e r r o r  g rad ien t  w i l l  
depend t o  some ex ten t  on the  o p t i c a l  design f o r  focusing t h e  r e t u r n  onto 
t h e  d e t e c t o r  which a f f e c t s  spot  s i z e  and t o t a l  look angle,  which can 
t h e o r e t i c a l l y  be t o t a l l y  independent of t ransmi t ted  beam c h a r a c t e r i s t i c s ,  
However, i f  t h e  rece ive  p a t t e r n  i s  much wider than t h e  t ransmi t  p a t t e r n ,  
there w i l l  be a "waste" i n  look angle  ( i n  t h e  ou te r  po r t ions  of t h e  
pattern) which r e s u l t s  i n  p o s s i b l e  l o s s  of r e s o l u t i o n  and increased noise ,  
Sylvania proposes a t ransmi t  beam of 0.5 deg. Assuming t h e  p o s i t i v e  s l o p e  
e r r o r  g rad ien t  t o  have about t h e  same width, o r  8 m i l s . ,  t h i s  r ep re sen t s  
about 213 t h e  dynamic l a g  e r r o r  c a p a b i l i t y  provided by t h e  r ada r  and thus  
about 2 / 3  t h e  maximum r a t e  and a c c e l e r a t i o n  c a p a b i l i t y ,  o r  about 550/mii,/sec, 
2 ( - 3 0  deg, / sec , )  maximum r a t e  and about 850 mi l , / sec .  maximum acce l e ra t ion ,  
I f  higher  r a t e s  o r  higher  a c c e l e r a t i o n s  a r e  needed, modi f ica t ions  w i l l  
have t o  be made t o  i nc rease  t h e  va lues  of Kv and K . 
a 
Another v e r s i o n  of a  l a s e r  system proposed by I T T  has  a  scan  p a t t e r n  
t h a t  v a r i e s  only + 0 .1  deg. ( -1.75 m i l . ) .  This provides l e s s  than 186 
t h e  poss ib l e  dynamic l a g  e r r o r  range a s  t h e  r ada r  wi th  t h e  va lues  of 
maximum v e l o c i t y  and a c c e l e r a t i o n  reduced t o  about  one-fourth t h e  va lues  
given above f o r  t h e  Sylvania  system. 
I f  i t  i s  des i r ed  t o  have a  l a r g e r  Kv f o r  l a s e r  ope ra t ion  t o  reduce 
t h e  dynamic l a g  e r r o r s ,  a  p r a c t i c a l  i n f luence  on i t s  va lue  o r  b p l a e n t a t l o a  
a r e  t h e  t r a n s i e n t s  i m e d i a t e l y  a f t e r  lock-on, For example, t h e  charge on 
the  capac i to r s  i n  t h e  equa l i za t ion  network f o r  a  Type I servo  system, (or 
on the f i r s t  i n t e g r a t o r  capac i to r  f o r  a  Type 11 servo)  w i l l  no t  be correct 
a t  t h e  t i m e  of switchover un le s s  p rov i s ion  i s  made t o  precharge t h e s e ,  
K can only be increased by e f f e c t i v e l y  inc reas ing  bandwidth and hence a 
a. 
trade-off between K and al lowable no i se  must be made i f  t h e  va lue  of K 
a a 
is to be  changed, 
It is recommended t h a t  a  d e t a i l e d  s tudy  of t h e  t r ack ing  loop dynamics 
f a r  l a s e r  i n t e g r a t i o n  be included i n  t h e  laser procurement c o n t r a c t ,  
4,1,5 Data Handling Sect ion Modif icat ion 
The previous s e c t i o n s  have discussed t h e  problems a s soc i a t ed  w i t h  
d i r e c t l y  I n t e r f a c i n g  a  l a s e r  t r a c k e r  w i th  t h e  1FI?S-16 r ada r ,  A s  $l%ustrate:d 
i n  Fig, 4-1, t h i s  i n t e r f a c i n g  involved only t h e  radar  angle  s e rvo  c i r c u i t r y ,  
This s e c t i o n  b r i e f l y  cons iders  o t h e r  modi f ica t ions  t o  t h e  r ada r  requf r e d  
t o  u t i l i z e  t h e  advantages of h ighe r  ang le  p rec i s ion  a f forded  by t h e  use 
of t h e  l a s e r ,  S p e c i f i c a l l y ,  t hese  modi f ica t ions  p e r t a i n  t o  t h e  angle  
sensing and ang le  d a t a  handling. 
y--- - --- 
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Fig ,  4-7, Azimuth Angle Sensing and Data Handling. 
A b lock  diagram of t h e  azimuth a n g l e  s e n s i n g  and d a t a  handl ing 
f u n c t i o n s  i n  t h e  r a d a r  i s  shown i n  F i g ,  4-7 ,  (Func t ions  f o r  e l e v a t i o n  
data are i d e n t i c a l . )  Angle s e n s i n g  i s  accomplished w i t h  a n g l e  encoders ,  
one mechanical  ( f o r  5 -b i t  c o a r s e  d a t a )  and one o p t i c a l  ( f o r  13-b i t  fine 
d a t a )  f o r  each a n g l e  coord ina te .  These two words a r e  combined i n  the 
encoder r e a d o u t  n e s t  ( a l s o  l o c a t e d  i n  t h e  an tenna  p e d e s t a l )  t o  form an 
18-b i t  g r a y  coded word. The d a t a  b i t s  a r e  t r a n s f e r r e d  from t h e  encoders  
t o  t h e  encoder r e a d o u t  n e s t  i n  p a r a l l e l ;  however, t h e  readout  from the 
encoder n e s t  i s  done s e r i a l l y .  Gray-to-binary c o n v e r t e r s  ( l o c a t e d  in 
e l e c t r o n i c  c a b i n e t s  away from t h e  an tenna  p e d e s t a l )  p rov ide  a 1 7 - b i t ,  
s t r a i g h t  binary word ou tpu t .  A s  noted i n  Sec. 3, t h i s  g i v e s  a d a t a  
g r a n u l a r i t y  of about 0.05 m i l s / b i t  and t o  achieve t h e  O.Ql3 m i l s / b i t  
g r a n u l a r i t y  noted a s  t h e  requirement i n  Sec, 2  w i l l  r e q u i r e  a  19-bit  
s t r a igh t -b ina ry  output  which i n  t u r n  r e q u i r e s  a  t o t a l  of 20 b i t s  f o r  t h e  
gray coded output  angle  encoders.  
I n  a d d i t i o n  t o  r ep l ac ing  t h e  18-bi t  encoders wi th  20-bit encoders,  
modi f ica t ion  w i l l  a l s o  be requi red  i n  t h e  encoder readout  n e s t  and gray- 
to-binary conver te rs  t o  handle t h e  longer  word length .  Also, p rovis ion  
f o r  handling longer  word l eng ths  i n  t h e  d i sp l ay  func t ions  w i l l  be 
requi red  i f  t h e  f u l l  dynamic range i s  t o  be displayed.  
4 , 2  Real Time Data Handling 
The real- t ime d a t a  handling system f o r  t he  runway f a c i l i t y  was 
described i n  Sec. 3.1.3. I n  t h e  fol lowing d iscuss ion ,  prel iminary 
cons idera t ion  i s  given t o  i n t e r f a c i n g  t h e  system wi th  the radar  and 
Laser and supplying the  d a t a  handling funct ions.  
4 .2 , l  Data Handling Functions 
The o v e r a l l  func t ion  of t he  real- t ime d a t a  handling system i s  ao 
receive, process ,  and output  and/or record t racking  d a t a  from the  FPS-16 
radar  and l a s e r  t r acke r  and from o t h e r  t r ack ing  systems, The fol lowing 
L i s t  o u t l i n e s  i n  g r e a t e r  d e t a i l  t y p i c a l  real-time func t ions  t o  be per famed:  
(I) Accept d a t a  from t r ack ing  systems and o the r  e x t e r n a l  sources 
and s t o r e  f o r  subsequent processing and/or record on magnetic 
tape,  
(2)  Perform coord ina te  t r ans fo rna t ion  of t racking  da ta ,  
(3)  Perform smoothing o r  f i l t e r i n g  (with t h e  c a p a b i l i t y  t o  p r e d i c t  
o r  update t o  t h e  next  sample time) of t r ack ing  da ta .  
( 4 )  Compute g l i d e  s l o p e  and l o c a k i z e r  e r r o r s  f o r  p r e - s p e c i f i e d  
s t r a i g h t ,  p i e c e w f s e - s t r a i g h t ,  o r  curved approach p a t h s ,  
(5) Der ive  r a t e  i n f o r m a t i o n  from p o s i t i o n  t r a c k i n g  data, 
( 6 )  Der ive  o t h e r  s p e c i a l  data such as t u r n i n g  r a t e s ,  p i t c h  arrd 
bank c o m a a d s ,  and t ime-to- teuchdom* 
( 7 )  Compute and p r o v i d e  t o  t r a c k i n g  systems d e s i g n a t e  c o m m d o  
f o r  a i d i n g  a c q u i s i t i o n ,  
(8) Determine when t o  s w i t c h  from r a d a r  t o  l a s e r  t r a c k i n g  
and from l a s e r  t o  r a d a r  t r a c k i n g  and comFJte a c q u i s i -  
t i o n  a i d  i n p u t s  t o  s e r v o s  f o r  t h e s e  t r a n s i t i o n s .  
(9) Perform s e r v o  t r a c k i n g  l a g  c o r r e c t i o n s ,  
(10) Pe r fo rm p e d e s t a l  b i a s  and l e v e l i n g  c o r r e c t i o n s .  
(11) Perform r e a l  t i n e  d a t a  e d i t i n g  and merging,  
(12) Output  d a t a  f o r  r e a l - t i m e  d i s p l a y ,  r e c o r d i n g ,  approach 
c o n t r o l ,  telemetering t o  a i r c r a f t  for ow-board u s e ,  
o r  real-time u s e  by a ther ground.-based systems,  
Some of ~ h e  above f u n c t i o n s  such as r e a d i n g  i n  data and providing 
pedes ta l  b i a s  and I e ~ ~ e l i n g  c o r r e c t i o n s  will always be  done a u t o m a t i e a l l v ,  
Users will be provided o p t i o n s  on whether o t h e r  f u n c t i o n s  will be  used* 
There w i l l  also be  available o p t i o n s  for d i f f e r e n t  computer r o u t i n e s  w i t l - ~ k ,  
certain funct ions  such as data  f i l t e r i n g  and r a t e  d e r i v a t i o n .  
Development of a l g o r i t h m s  f o r  t h e s e  f u n c t i o n s  is  i n  p r o c e s s  at  
NASA Wallops, The most dZSf i c u l t  are ( 3 )  and (5) on data f i l t e r i a g  and 
rate  d e r i v a t i o n s .  These are d i s c u s s e d  i n  more d e r a i l  I n  Sec.  4 . 2 , 3 ,  
4.2 .2  Sys t e m  I n t e r f a c i n g  
A s  w a s  shown i n  F ig .  3-6, r e a l - t i m e  i n p u t s  and o u t p u t s  
t o  t h e  d a t a  h a n d l i n g  system are v i a  d a t a  b u f f e r s  and o t h e r  i n t e r f a c e  
equipment such  as s y n c h r o - t o - d i g i t a l  (S/D) and d i g i t a l - t o - s y n c h r o  (DBS) 
c o n v e r t e r s ,  d i g i t a l - t o - a n a l o g  (D/A) c o n v e r t e r ,  and f requency  s h i f t  
key QFSK) r e c e i v e r  and t r a n s m i t t e r .  The f o l l o w i n g  l i s t  is  a 
c o m p i l a t i o n  of p r e s e n t l y  known and p r e d i c t e d  i n t e r f a c e  c o n n e c t i o n s  
between t h e  d a t a  hand l ing  system and r a d a r  and l a s e r  sys tems,  
The f o l l o w i n g  list i d e n t i f i e s  p r e s e n t l y  a v a i l a b l e  d i g i t a l  d a t a  oucput :~  
from t h e  FPS-16 r a d a r  a s  d e s i g n a t e d  i n  t h e  r a d a r  manual. Comments are  
made when a p p r o p r i a t e  f o r  known changes t o  be  made f o r  u s e  i n  t h e  r u n w y  
f a c i l i t y ,  Order of s h i f t - o u t  from t h e  r a d a r  i s  L e a s t - s i g n i f i c a n t - b i t  (LSB) 
first, 
Line  I: Azimuth, p r e s e n t l y  17  b i t s - - to  be  expanded t o  19 b i t s  
Line 2: E l e v a t i o n ,  p r e s e n t l y  17 b i t s  -- t o  be  expanded t o  
1 9  b i t s  
L ine  3 :  I n  s e r i a l  o r d e r  a s  f o l l o w s :  
Azimuth o f f s e t ,  8 b i t s  
E l e v a t i o n  o f f s e t ,  8 b i t s  
Line 4: h n g e ,  25 b i t s  
L ine  5: I n  s e r i a l  o r d e r  as f o l l o w s :  
AGC, 8 b i t s  
A z b u t h  s e r v o  l a g ,  8 b i t s  
E l e v a t i o n  s e r v o  l a g ,  8 b i t s  
Line  6: I d e n t i f i c a t i o n  b i t s  i n  s e r i a l  o r d e r  a s  f o l l o w s :  
On t r a c k ,  1 b i t  
Range v e r i f i e d ,  1 b i t  
Data v a l i d ,  1 b i t  
Computer d e s i g n a t i o n  command, 1 b i t  
Search  s c a n  command, 3 b i t s  
160 PRF s e l e c t e d ,  1 b i t  
640 PRF s e l e c t e d ,  1 b i t  
Leading edge t r a c k i n g  i n  s e l e c t e d ,  1 b i t  
Leading edge t r a c k i n g  o u t ,  1 b i t  
Data c o r r e c t o r  s e l e c t e d ,  1 b i t  
L inear  o r  c i r c u l a r  p o l a r i z a t i o n  s e l e c t e d ,  l b i t  
Sk in  o r  beacon t r a c k  s e l e c t e d ,  1 b i t  
Wide o r  narrow bandwidth s e l e c t e d ,  1 b i t  
Veh ic le  (code) number, 3 b i t s  
There  are a d d i t i o n a l  azimuth and e l e v a t i o n  d a t a  o u t p u t s  provided from 
t h e  FPS-16 r a d a r  v i a  one-speed synchros  from b o t h  t h e  p e d e s t a l  and t.he 
handwheels. S i n c e  t h e  d i g i t a l  o u t p u t s  l i s t e d  above w i l l  be  adequate  f o r  
azimuth and e l e v a t i o n  d a t a ,  t h e s e  synchro o u t p u t s  w i l l  n o t  b e  needed as 
i n p u t s  t o  t h e  r e a l - t i m e  d a t a  hand l ing  system and hence a r e  a v a i l a b l e  f o r  
o t h e r  uses  i f  needed. 
The fo l lowing  l i s r  i d e n t i f i e s  t e n t a t i v e  d i g i t a l  d a t a  i n p u t s  t o  the  
d a t a  hand l ing  system from t h e  laser. Order of s h i f t o u t  from t h e  l a s e r  
should  be  LSB f i r s t .  
Range, 22 b i t s ,  LSB = 0.2 f t . ,  MSB rr 1 4  n .  m i .  
Range r a t e ,  1 4  b i t s  + 1 s i g n  b i t ,  LSB = 0 - 1  f t . / s e c . ,  
MSBrs11600 fr./sec. ( I t  is u n c e r t a i n  whether t h i s  
w i l l  be n e c e s s a r y . )  
Lase r  t r a n s m i t t e r  power l e v e l  o r  r e c e i v e r  AGC, 8 b i t s  
max, (Could p o s s i b l y  u s e  s h o r t e s  word l e n g t h , )  
I d e n t i f i c a t i o n  b i t s ,  a t  l e a s t  1 2 ,  maximum of 18, 
I n f o r m a t i o n  t o  be i d e n t i f i e d  i n c l u d e s  : 
On t r a c k ,  1 b i t  
Laser  o n ,  1 b i t  
A c q u i s i t i o n  mode, 1 b i t .  
Azimuth s e r v o  l a g ,  7 b i t s  p l u s  1 s i g n  b i t ,  LSB = 0,013 
m i l .  , MSB cx 1 . 6  m i l ,  ( P r o v i  s i o n  must b e  made i n  
t h e  l a s e r  system t o  p rov ide  t h i s . )  
E l e v a t i o n  s e r v o  l a g ,  7 b i t s  p l u s  L s i g n  b i t ,  LSB = 0,013 
m i l ,  MSB 1*6 m i l .  ( P r o v i s i o n  must b e  made i n  t h e  
l a s e r  system t o  p rov ide  t h i s , )  
The f o l l o w i n g  l i s t  i d e n t i f i e s  d i g i t a l  d a t a  i n p u t s  t o  t h e  FPS-16 radar 
a s  d e s i g n a t e d  i n  t h e  r a d a r  manual. C o m e n t s  a r e  made when a p p r o p r i a t e  f oz  
known changes t o  be made f u r  u s e  i n  t h e  runway f a c i l i t y ,  Order of read-~r 
is LSB f i r s t ,  
L ine  1: Range d e s i g n a t i o n ,  2 1  b i t s ,  LSB = 31.21 yds .  
Line  2:  I n  s e r i a l  o r d e r  a s  fo l lows :  
Azimuth d e s i g n a t i o n ,  9 b i t s  
Azimuth s i g n ,  1 b i t  
Azimuth s c a l e  f a c t o r ,  l b i t  -- T h i s  de te rmines  
t h e  LSB f o r  azimuth d e s i g n a t i o n  i n p u t s ,  
When t h e  d e s i g n a t e  e r r o r ,  L e e . ,  t h e  d i f f e r e n c e  
between t h e  a c t u a l  and d e s i r e d  p o s i t i o n s ,  i s  
g r e a t e r  t h a n  25,6 m i l e s  a one i s  used t o  
d e s i g n a t e  LSB = 0,2 m i l s  and when t h e  
d e s i g n a t e  e r r o r  i s  less t h a n  25 .6  m i l s  
a  ze ro  i s  used t o  d e s i g n a t e  LSB = 0.05 
m i l .  It is  t o  be  determined whether 
t h i s  l o g i c  and g r a n u l a r i t y  i s  s r l f f i c i e n t  
f o r  laser d e s i g n a t i o n .  
E l e v a t i o n  d e s i g n a t i o n ,  9 b i t s  
E l e v a t i o n  s i g n ,  1 b i t  
E l e v a t i o n  s c a l e  f a c t o r ,  1 b i t  -- The comment 
g iven  f o r  t h e  azimuth s c a l e  f a c t o r  above 
a p p l i e s  h e r e  a l s o .  
Spare  ( a v a i l a b l e  f o r  s e r v o  bandwidth c o n t r o l ) ,  
3 b i t s  
L ine  3: 20 b i t s  provided f o r  azimuth and e l e v a t i o n  s t a b i l i z a -  
t i o n  f o r  sh ipboard  o p e r a t i o n  -- T h i s  will n o t  be  
needed f o r  runway o p e r a t i o n .  
L ine  4 :  I n  s e r i a l  o r d e r  as f o l l o w s  
6-scope e l e v a t i o n  d e f l e c t i o n ,  7 b i t s  
C-scope e l e v a t i o n  d e f l e c t i o n  s i g n ,  1 b i t  
C-scope azimuth d e f l e c t i o n ,  7 b i t s  
C-scope azimuth d e f l e c t i o n  s i g n ,  1 b i t  
(Note: The above a r e  needed f o r  t h e  d e s i g n a t i o n  
mode on ly . )  
L ine  5: Disp lay  t a n g e n t  p l a n e  azimuth,  17 b i t s  -- This  w i l l  
n o t  be  needed s i n c e  azimuth d i s p l a y  i n p u t s  t o  t h e  
c o n s o l e  can be  ob ta ined  d i r e c t l y  from t h e  r a d a r  
d i g i t a l  d a t a  s e c t i o n .  
" zr? & ,  D;spLay tangent plane elevation, 17 b i t s  -- This 
i : i ; l l  not be needed since elevation display 
inputs to the console can be obtained directly 
Zrom the radar d i g i t a l  data section, 
link ,' 111 serial order as follows: 
Display range rate, 14 bits 
Rate sign) I. bit 
m~a-e i r e  additionla$. azimuth and eLwation inputs provided to the F'IhS- 16 
ha cne-speed sjnchros f o r  driving the handwheels. Since d i g i t a l  
~es.&n&;ion data Tram the data handling system is considered adequate, 
I- t &11(?se synchrofb i f r m  the data handling systa will1 not genee-ell y 
1 -  8 ecr2sazla>-:; and hence the synchrsss are available for inputs from o t h e r  
systeie, fir-her one-speed syrachros for azimuth and elevation inputs ace 
c i I _ t :  t J ~ ~ r v i 2 ( x i  genera l ly  for inputs from other  systems, 
from the data handlinrug sysLem to the FPS-It L ;i(,ir 
I- .. , ,;~~~tae:ed for i ~ z t e g r a t i n g  laser operation are: 
t,cvd;ian acquisition servo bias, 12 bits plus 1 sign 
5-c Itus radar-to--lasea t rack and laser-to-radar t r ack  
~c$%li42"~:fon) 
r.-z,iii~,:h acquSsiQFen servo bias, 12 bits plus 1 sign b i t  
: kor rad ar-to-lasar and Laser- to-radar acquisition) 
,..~iiier acquire comuand (possib3ip needed t o  control relay 
-I, start radar-to-laser t r a c k  acqr~ i s i t ion)  
X d 3 ~ .  ascquire cornland (poss ib ly  needed to control relay 
~s . rar t  laser-to-radar track acqu i s i t i on )  
Range dee igna t ion ,  number of b i t s  and LSB t o  be determined 
(This  w i l l  be  needed t o  a i d  l a s e r  range a c q u i s i t i o n ,  
probably only i f  t h e  l a s e r  i s  t o  be operated without  r ada r  
t r a n s m i t t e r / r e c e i v e r  opera t ion .  When the  r ada r  i s  t o  be 
used t o  a i d  l a s e r  a c q u i s i t i o n ,  t h e  range des igna te  t o  t h e  
l a s e r  can probably be provided d i r e c t l y  from the  r ada r  
w i th  t h e  l a s e r  range g a t e  i n  the  a c q u i s i t i o n  mode s e t  
g r e a t e r  than  t h e  r ada r  LSB on range output . )  
Laser power l e v e l ,  2 t o  8 b i t s .  (Possibly needed f o r  
s a f e t y  purposes.)  
4 . 2 . 3  Data F i l t e r i n g  and Rate Derivat ion 
A genera l  flow f o r  real- t ime processing of d a t a  f o r  t he  runway 
f a c i l i t y  is  i l l u s t r a t e d  i n  Fig. 4-8. Raw d a t a  on range,  azimuth, and eleva-- 
t i o n  from t h e  radar - laser  combination i s  f i r s t  cor rec ted  f o r  known b i a s  and 
s y s t e m t i c  e r r o r s  such a s  pedes t a l  un leve l ,  antenna d i s t o r t i o n ,  and servo 
dynamic l a g .  I n  most cases ,  a po lar - to-car tes ian  coord ina te  t ransformation 
w i l l  be  performed on t h e  cor rec ted  d a t a  before  f i l t e r i n g .  
A s  i l l u s t r a t e d ,  t h e  f i l t e r  w i l l  l i k e l y  ope ra t e  on t h e  c a r t e s i a n  
coord ina te  p o s i t i o n  v a r i a b l e s  and provide f i l t e r e d  va lues  of t hese  v a r i a b l e s  
and o the r  v a r i a b l e s  which can be represented i n  t he  context  of t he  f i l t e r i n g  
model, e .g . ,  r a t e s ,  a c c e l e r a t i o n s ,  and bank and p i t c h  angles .  Outputs from 
the  f i l t e r  can be used f o r  computing s p e c i a l  parameters such a s  l o c a l i z e r  
and g l i d e  s lope  e r r o r s ,  
The two major a r e a s  of concern i n  d a t a  f i l t e r i n g  a r e  no i se  reduct ion  and 
lag i n  t h e  output  da t a .  For a given f i l t e r  conf igura t ion ,  t h e r e  i s  inherently 
a trade-off between the  two a s  i l l u s t r a t e d  i n  Fig. 4-9 which shows the  r a t l o  
of the  s tandard dev ia t ions  f o r  ou tput  and inpu t  v s .  smoothing t i m e ,  t s ,  fa r  
the  case  of simple equal  weighted averaging of d a t a  i n  which t h e  no i se  i s  
uncorre la ted  from sample t o  sample. 

Noise uncor re la ted  from sample t o  sanngle* 
Smoothing Time, ts " i n  Sample Time Units  
Fig,  4-9, Noise Er ror  Improvement as a  Function of Smoothing Time f a r  
Equal Weighted Averaging (Rectangular F i l t e r ) .  
The l a g ,  td, is t s /2 .  Thus t o  achieve a  r educ t ion  of 0 .5  i n  
terms of t h e  r a t i o  of s t anda rd  dev ia t i on  r e q u i r e s  smoothing over samp1.e 
time u n i t s  (4  pu lses )  r e s u l t i n g  i n  a l a g  of 1 3  sample t i m e  u n i t s ,  To 
decrease t h e  r a t i o  f u r t h e r ,  t o  say  0.25, r e q u i r e s  averaging over 15 
sample per iods  (16 samples) g iv ing  a l a g  of 7,s sample per iods .  Other 
f i l t e r s ,  though designed t o  m i n i d z e  ou tput  va r i ance  f o r  given no i se  
i n p u t s ,  w i l l  d i sp l ay  s i m i l a r  c h a r a c t e r i s t i c s .  
The l a g  a s  d i scussed  above can b e  removed by updating t h e  e s t ima te  
t o  t he  t i m e  t h a t  t h e  last d a t a  s m p l e  was taken. A much used method far 
doing t h i s  i s  t o  f i t  t h e  data t o  a pobynodah and use  t h e  endpoint  
va lue  of t h e  polynonclal. For e x a w l e ,  i n  e s t ima t ing  a  v a r i a b l e  x ( t )  a 
84 
f i t  can be  made t o  
2 
x ( t )  = x0 + i t + l / 2 z O t  + * * *  . 
0 
With known o r  es t imated  va lues  of r a t e ,  a c c e l e r a t i o n ,  o r  higher  
o rde r  d e r i v a t i v e s  (depending upon t h e  degree of t h e  polynomial used) 
t h e  p o s i t i o n  e s t ima te  can be  updated t o  t h e  des i r ed  time. Without extensive 
knowledge of t he  n o i s e  process ,  updating is genera l ly  done a t  t h e  expense 
of added unce r t a in ty  i n  t h e  updated value.  
The a v a i l a b i l i t y  of high q u a l i t y  r a t e  d a t a  has  a l s o  been emphasized 
i n  previous s e c t i o n s .  Current  p lans  s p e c i f y  de r iv ing  r a t e s  from p o s i t i o n  
da ta .  S imi l a r  cons idera t ions  p e r t a i n i n g  t o  n o i s e  e r r o r  and l a g  apply t o  
t h i s  a l s o .  This  is  i l l u s t r a t e d  i n  Fig. 4-10 which shows t h e  r e l a t i o n s h i p  
between t h e  r a t i o  of s tandard  dev ia t ion  of i n p u t  p o s i t i o n  d a t a  t o  t h a t  
f o r  ou tput  r a t e  vs .  smoothing time f o r  two simple cases .  The upper curve 
is  the  same one as shown i n  Fig. 2-1 f o r  a s imple two-point d i f f e r e n t i a t o r  
f o r  wh i t e  n o i s e  (uncorre la ted  from sample t o  sample) input .  The lower 
curve showing improvement i s  f o r  a l inear-odd weight ing func t ion  d i e h  
has been shown (Ref. 2 )  t o  b e  optimum f o r  whi te  no i se  i npu t  and cons tan t  
r a t e .  Delay equiva len t  t o  t s / 2  a l s o  r e s u l t s  from these  f i l t e r s  which 
can a l s o  be removed by updating wi th  known o r  est imated higher  order  
d e r i v a t i o n s  but  a l s o  a t  t h e  expense of i nc rease  i n  n o i s e  e r r o r .  
S p e c i f i c  d a t a  f i l t e r s  s u i t a b l e  f o r  runway app l i ca t ions  a r e  y e t  t o  
be spec i f i ed .  Given t h e  a i r c r a f t  dynamics, f l i g h t  pa ths ,  and t h e  
p rec i s ion  requirements of t he  output  d a t a ,  minimum va r i ance  f i l t e r s  c,an 
be designed along any of t he  l i n e s  of polynomial smoothing, a Wiener 
f i l t e r ,  o r  a K a h a n  f i l t e r .  Cons t ra in ts  a r e  d a t a  r a t e s ,  computation time, 
and a p r i o r i  s t a t i s t i c s .  
F i l t e r  des ign  f o r  NASA Wallops runway ope ra t ion  i s  c u r r e n t l y  underway 
Fig. 4-10. Rate Accuracy v s ,  Smoothing T h e ,  
by an independent con t r ac to r  under a NASA c o n t r a c t ,  The s o l e  approach 
being followed a t  p resent  is  Kalman f i l t e r i n g  wi th  s i m p l i f i c a t i o n s  and 
approximations on a i r c r a f t  dynamics and d is turbances .  The s u i t a b i l i t y  
of t h e  r e s u l t i n g  des ign  f o r  runway f a c i l i t y  app l i ca t ions  w i l l  r e q u i r e  in- 
depth analyses  inc luding  s imula t ion  and exe rc i s ing  the  f i l t e r  wi th  ac tua l  
f l i g h t  t e s t  da t a .  It is reesmended t h a t  NASA inc lude  t h i s  i n  planralng 
f o r  f u t u r e  e f f o r t .  
4 , 3  Other  Areas  f o r  I n v e s t i g a t i o n  
The f o l l o w i n g  d i s c u s s i o n  summarizes o t h e r  major a r e a s  of i a ~ e s ~ i g i -  
t i o n  needed i n  connec t ion  w i t h  complet ing t h e  runway f a c i l i t y .  
A thorough e v a l u a t i o n  of t h e  f a c i l i t y  w i l l  be  needed t o  a s s e s s  Ehe 
system accuracy  and s u i t a b i l i t y  f o r  meet ing NASA ERC f l i g h t  p r o j e c t  
r equ i rements ,  S t  is  recornended t h a t  f l i g h t  tests b e  planned and conduc t6.d 
ts e x e r c i s e  a l l  of t h e  r e l e v a n t  modes of o p e r a t i o n .  T e s t s  shou ld  be 
planned s o  t h a t  the d i f f e r e n t  s o u r c e s  of e r r o r s  can b e  i d e n t i f i e d  and 
a s s e s s e d .  
I n  order  t o  a c h i e v e  the utmost  c a p a b i l i t y  i n  accuracy ,  i t  i s  
recornended t h a t  s p e c i f i c  p rocedures  be  developed and s p e c i f i e d  f o r  pretest 
and p o s t  t e s t  c a l i b r a t i o n ,  Development of t h e s e  p rocedures  should be 
i n f l u e n c e d  by the e v a l u a t i o n  mentioned above, 
Because of the u n f m i l i a r i t y  of u s e r s  w i t h  t h e  newly developed 
system, i t  is  i m p e r a t i v e  t h a t  u s e r - o r i e n t e d  documentation be p r e p a r e a ,  
T h i s  documentation should d e s c r i b e  in d e t a i l  t h e  system c a p a b i l i t i e s  
and l i m i t a t i o n s ,  d a t a  a c c u r a c i e s  i n  v a r i o u s  modes of o p e r a t i o n ,  and 
procedures  f o r  u s i n g  t h e  system. Along w i t h  t h i s  documentat ion,  a 
p r e t e s t  s p e c i f i c a t i o n  form o r  c h e c k l i s t  should  be  prepared f o r  users 
t o  s p e c i f y  test c o n d i t i o n s  and d a t a  requ i rements .  Documentation should 
i n c l u d e  i n s t r u c t i o n s  f o r  completing and s u b m i t t i n g  t h e s e  forms, 
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APPENDIX A 
ON REQUIREMENTS FOR THE RWWAY FACILLTU AT 
NASA bJALLOPS STATION 
Interviews were conducted on October 7 and 8, 1978, with fl.igir,i- 
research project regseses~ta&ives at NASA Langlegr Research Center f 1 - r  %r,(* 
purpose of determining the rsqufrernents for additional instrumentti?ior 
being acquired for the runwags facility at NASA Wallops S t a t i o n ,  Scven 
projects were represented, Pour o f  which are entirely new projects 
using the NASA Wallops fae i i i - tg .  Ssrne additional dl~cu~sions on 
requirements have also been held in subsequent meetings and telephone 
conversations, 
Sumasy descripritsns r j f  dLscussions on p r o j e c t  requirements a r e  
g iven in the  following pagns,  Key requirements on data accuracies a r i  
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P r o j e c t :  CB-46C 
C o n t a c t s  : J o i n t  meet ing w i t h  John F. Garren,  James R. K e l l y ,  
and Frank R. Niessen;  Samuel A.  Morel lo  a l s o  
a t t e n d e d .  
A i r c r a f t  : T e s t s  w i l l  i n v o l v e  on ly  a  s i n g l e  a i r c r a f t ,  The CK-46@ 
is used a t  p r e s e n t .  F u t u r e  tests may i n v o l v e  a  
STOL-type of DG-9 s i z e .  
D e s c r i p t i o n :  The p r o j e c t  i s  concerned w i t h  i n v e s t i g a t i n g  v a r i o u s  
t y p e s  of c o n t r o l  concep t s ,  d i s p l a y s ,  f l i g h t  d i r e c t o r  
i n f o r m a t i o n  and a i r c r a f t  hand l ing  q u a l i t i e s  f o r  
t e r m i n a l  a r e a  approach and l a n d i n g .  Gl ide  s l o p e s  will 
s t a r t  a t  a maximum of 5 miles range  and 3000 f t ,  
a l t i t u d e  and w i l l  v a r y  from 3 deg t o  90 deg,  Approach 
p a t h s  may a l s o  be s t r a i g h t  o r  curved.  During t e s t i n g ,  
360 deg, t r a c k i n g  is needed w i t h  d a t a  recorded 
con t inuous ly  d u r i n g  t h e  t r a c k .  Data w i l l  sometimes 
be needed through touch-and-go and on t h e  ground after 
touchdom,  T e s t i n g  w i l l  on ly  be done under VFR 
conditioxzs brrt i t  is  d e s i r a b l e  t o  be a b l e  t o  o p e r a t e  
i n  a  l i g h t  r a i n ,  Nightt ime t e s t i n g  may e v e n t u a l l y  be 
needed, Run l e n g t h s  w i l l  be on t h e  o r d e r  of 10 
minutes  each w i t h  abou t  10 r u n s  be ing  conducted p e r  d a y ,  
T e s t i n g  M I L L  con t inue  f o r  s e v e r a l  y e a r s  w i t h  about  
one week of every  s i x  devoted t o  t e s t i n g .  
Data Requirements: 
To t h e  A i r c r a f t  -- 10 t o  12  v a r i a b l e s  ( inc luding  range 
timing) t o  be te lemetered a t  a d a t a  r a t e  of 10 samples/sec,  
These v a r i a b l e s  may be p o s i t i o n  coord ina tes  (x ,y ,z  o r  p o l a r )  
wi th  t h e  o r i g i n  a t  touchdown, t h e i r  rates, o r  o t h e r  v a r i a b l e s  
such as p i t c h  and r o l l  comands and g l i d e  s l o p e  e r r o r s  der ived 
from these .  Analog d a t a  is  c u r r e n t l y  used;  however, t h e r e  
w i l l  probably be a conversion t o  handle d i g i t a l  when i t  
becomes a v a i l a b l e .  The requi red  q u a l i t y  of t h e  d a t a  is  
cha rac t e r i zed  by t h a t  s t a t e d  f o r  p o s i t i o n  and r a t e  d a t a  ae  
fol lows : 
(1) Repea tab i l i ty  over a 1 .5  hour d u r a t i o n  a t  c lose- in  
(say,  a t  touchdown) of + 5 f t .  i n  z and + 10  f t ,  i n  
- 
x and y. 
( 2 )  Data r e s o l u t i o n  a t  c lose- in range of 5 1 f t .  i n  z 
and 4- 5 f t ,  i n  x and y where r e s o l u t i o n  i s  t o  b e  
- 
i n t e r p r e t e d  f o r  t h i s  p r o j e c t ' s  purposes a s  t h e  a b i l i t y  
t o  r e so lve  changes of t a r g e t  p o s i t i o n  with t h e  s t a t e d  
p rec i s ions .  
(3)  Data r e s o l u t i o n  a t  long range (say,  g r e a t e r  t h a n  
l m i l e )  of + 50 it. on 1% of range i n  x ,y ,  and ,z, 
- 
( 4 )  Rate d a t a  accu rac i e s  of + 1 f t  . /set. a t  a l l  ranges ,  - 
On t h e  Ground -- General ly  t h e  same v a r i a b l e s  te lemetered  t o  
t h e  a i r c r a f t  a r e  t o  be recorded d i g i t a l l y  on t h e  ground. 
Standard x-y t r ack ing  p l o t s  are a l s o  needed. 
Miscellaneous: 
(1) Switchover t r a n s i e n t s  i n  t h e  d a t a  a r e  gene ra l ly  not  
c r i t i c a l  so  long a s  t h e  time of occurrence i s  known 
o r  i s  p r e d i c t a b l e ;  however, i t  would be d e s i r a b l e  t o  
have smoothing c i r c u i t r y  o r  a  smoothing r o u t i n e  
a v a i l a b l e  t o  e l imina te  l a r g e  s t e p  changes o r  
d i s c o n t i n u i t i e s .  
(2 )  There a r e  no weight,  power, o r  l o c a t i o n  r e s t r i c t i o n s  
(wi th in  reason) f o r  mounting a i rbo rne  t racking  a i d s  
on t h e  CH-46C o r  o ther  a i r c r a f t  t h a t  may be used. 
Aerodynamic c h a r a c t e r i s t i c s  of antennas,  r e f l e c t o r s ,  e t c ,  
may be c r i t i c a l  however, 
(3)  Rate d a t a  i s  c u r r e n t l y  obtained from an on-board i n e r t i a l  
platform which they would l i k e  t o  e l imina te .  
P r o j e c t :  A i r c r a f t  Flyover Noise 
Contact  : Discussed w i t h  David A, H i l t o n ;  c o n t a c t  made through 
D ,  J. H a g l i e r i a  
A i r c r a f t  : Most t e s t s  w i l l  i n v o l v e  o n l y  one a i r c r a f t ;  two may be  
used o c c a s i o n a l l y .  Var ious  a i r c r a f t  t y p e s  w i l l  be  used ,  
Descr ip t ion :  P r e l o c a t e d  a c o u s t i c  t r a n s d u c e r s  a r e  used t o  r e c o r d  
a i r c r a f t  n o i s e  through v a r i o u s  f l i g h t  p a t h s  which i n c l u d e  
f l y b y ,  t ake-of f ,  and l a n d i n g .  The o b j e c t i v e  of t h e  
tests is  t o  c o r r e l a t e  n o i s e  w i t h  a i r c r a f t  p o s i t i o n ,  
Tracking is needed w i t h  r u n  l e n g t h s  f o r  d a t a  purposes  
of about  2 t o  3 minutes .  Mximum t r a c k i n g  range w i l l  
be 7 m i l e s  a t  5000 f t .  a l t i t u d e .  A l l  f l i g h t  p a t h s  
n e a r  t h e  runway w i l l  be a t  r e l a t i v e l y  lower a l t i t u d t e s .  
b u t  a t  a  minimum of 150 f t .  a l t i t u d e  f o r  f l y b y .  
Data will sometimes be needed through touch-and-go 
and on t he  ground a f t e r  touchdown. F l i g h t s  w i l l  onLy 
be m d e  in c l e a r  weather  a t  calm wind c o n d i t i o n s .  
NigE~tt ime testing may be planned i n  t h e  f u t u r e .  The 
project w i l l  c o n t i n u e  f o r  s e v e r a l  more y e a r s  w i t h  t e s t * -  
i n g  t o  be done i n t e r m i t t e n t l y  f o r  t h e  d u r a t i o n .  
To t h e  A i r c r a f t  -- PLS m y  be used i n  some tests. 
On t h e  Ground --- The fo l lowing  with range  t iming t o  be  recordcid 
d i g i t a l l y  a t  2 snmpleslsec, : 
(1) x, y, z with 5 10 ft. accuracy in the immediate vicinity sf the 
airfield; the FPS-16 radar capability is adequate for longer 
ranges; reference point or origin to depend on microphone 
locations. 
(2) Aircraft velocity (magnitude and heading) data to cover speeds 
from 60 'knots to 200 knots with an accuracy of I%, 
Miscellaneous : 
(1) A mobile version of the FPS-16 radar was used in similar t a e t s  
by the FAA at Pendleton, California. Radar performance was 
satisfactory except for tracking at low angles. 
(2) Some tests will be conducted with cornmercial aircraft; however, 
skin tracking with the FPS-16 and the corresponding track-in&; 
precision will be acceptable for these tests. When higher precision 
is needed, aircraft-mounted tracking aids will be permissable, 
Graphic Glide Slope Display 
Contacts : R ,  Ea r l e  Dunham and Henry 6. Elkins  were contacted 
sepa ra t e ly .  
A i r c r a f t  : Only a s i n g l e  a i r c r a f t ,  p r e sen t ly  t he  Aero Gomander, 
is  used f o r  each t e s t .  Future t e s t s  may involve  
ex tens ive  t e s t i n g  wi th  a j e t  t r a n s p o r t .  
: The purpose of t h e  p r o j e c t  is  t o  develop g l i d e  s l o p e  
guidance in s t rwaen ta t ion  f o r  no i se  abatement profd-les,  
Typical  f l i g h t  pa ths  involve a two-segment g l i d e  
s lope  s t a r t i n g  a t  6 deg, and changing t o  3 deg. nea re r  
touchdown. The t racking  system supp l i e s  analog 
p o s i t i o n  and r a t e  d a t a  t o  another  van on t h e  ground, 
(Because of excessive no i se  i n  t h e  present  s i g n a l  
from t h e  GSN-5, an  a l t i t u d e  r a t e  s i g n a l  is  t e l m e t e r e d  
down from the  a i r c r a f t  f o r  use as i). Displays are 
generated from these  d a t a  which a r e  t e l e v i s e d  and 
telemetered t o  t h e  a i r c r a f t  f o r  d i sp lay  t o  t h e  pilot, 
Studies  a t  p resent  a r e  only concerned wi th  guidance 
d o m  t o  about 200 f t .  a l t i t u d e ;  however, f u t u r e  s t u d i e s  
may r e q u i r e  t racking  a l l  t h e  way t o  touchdom. A l k  
t e s t i n g  is  done under VFR condi t ions ,  Tes t ing  w i l l  
resume around A p r i l  1971, Extensive t e s t i n g  i s  a n t i -  
c ipa ted  i n t o  t h e  d i s t a n t  f u t u r e .  Test  run length  f o r  
each approach is &out 3 t o  4 nin .  with about LO 
approaches per  f l i g h t  and 2 f l i g h t s  per  day. 
To the Aircraft -- Namal ILS type data only. 
On the Ground -- Analog x, y ,  z ,  i, 9 ,  k ,  and bank and pitch 
comands and rates to be supplied to an instrumentation van, 
GSN-5 data accuracies are adequate at present, Future 
requirements on position accuracy have not been determined, 
Accuracy on rate data should be - + 1 ft,/sec. Low-noise rate 
data is also a majar requirement. 
Miscellaneous: 
(1) It is desirable that switchover from radar tracking to 
precision tracking occur beyond 1 mile if significant 
transients in the data result, 
(2) There are no weight and power bimftations (within reason) 
on the Aero Gomander with regard to mounting airborne 
tracking aids, Special consideration will be required in 
regard to aerodynamic characteristics and mounting location, 

(2) Future requirements may result in 58 ft. breakout 
altitude with accuracies of - C ft, in ae and - 4- 2 , 5  ft, 
in y. 
(3)  Accuracies at long range of  1% in z and 2% in ye 
( 4 )  ze may be needed in. the future. 
On the Ground -- Analog x-y plots of trajectories are 
adequate at present, 
Miscellaneous: 
(1) Switchover transients in the data will be of concern only 
to the pilot and the tolerance on severity will depend 
solely on what the pilot can tolerate. 
(2) Electrical power for powering tracking aids such as 
transponders is Limited an the presently-used Helio 
Courier; however, since it w i l l  be used only until about 
April 1971 this poses no problem, It i s  expected that 
later aircraft in the series will have adequate power to 
supply any necessary tracking aids. 
Pro jec t :  Terminal Area Navigation 
Contact:  Thomas B .  Bal lard 
A i r c r a f t :  I n i t i a l l y  only a s i n g l e  a i r c r a f t ,  t he  Be l l  204, 
w i l l  be  used. Future t e s t i n g  w i l l  r e q u i r e  s e v e r a l  
a i r c r a f t  t o  be t e s t e d .  
Descript ion:  This p r o j e c t  w i l l  be a cont inuing e f f o r t  f o r  a t  l e a s t  
two years  wi th  t h e  purpose t o  s tudy the  gene ra l  
t e rmina l  a r ea  naviga t ion  problem. A i r c r a f t  w i l l  be 
tracked while  i n  t he  defined te rmina l  a r e a  up t o  t h e  
start of t h e  approach. The s tudy  w i l l  be concerned 
with a i r c r a f t  p o s i t i o n  and headings f o r  va r ious  
te rmina l  a r ea  naviga t ion  s t r a t e g i e s .  Continuous t rack-  
ing  with 360 deg. coverage w i l l  be requi red .  
Data Requirements: 
To the  A i r c r a f t  -- Naae requi red .  
On the  Ground -- D i g i t a l  recordings of 1 sample/sec. of 
a i r c r a f t  p o s i t i o n  i n  x,y,z coordina tes  a t  an accuracy of 50 f t ,  
r m s .  Range timing w i l l  a l s o  be needed i n  t h e  f u t u r e ,  
Analog da t a  such a s  s tandard x-y p l o t s  w i l l  a l s o  be needed f o r  
'"quick-look" "purposes., 
Vortex Measurements 
Contact:  Dale 6. Holden 
A i r c r a f t  : Two a i r c r a f t  must be t racked simultaneously. These 
w i l l  be t h e  T-33 wi th  t h e  C-47 o r  t he  T-38,  
: A i r c r a f t  f l i g h t  pa ths  w i l l  vary between 0 .1  m i l e  and 
15 m i l e s  with va r ious  headings between t h e  two 
a i r c r a f t ,  The purpose of t h e  t r ack ing  i s  t o  ob ta ln  
and record the  a i r c r a f t - t o - a i r c r a f t  range t o  be 
co r r e l a t ed  ~ i t h  vo r t ex  measurements. Continuous 
t r ack ing  w i t h  360 deg, coverage is  des i r ed .  Tes t s  
will only be conducted under VFR condi t ions .  Some 
tests3 are t o  be conducted i n  t h e  next few weeks; 
however, additional t e s t s  w i l l  probably b e  conducted 
in the d i s t a n t  f u t u r e .  Test w i l l  be about 112 t o  
1 hour i n  lengqh. 
T o  the Peircrafi me- -- - ':done required, 
On the  Ground -- 0;~lgLtaI  recordings a t  L sample/sec. of both 
a i r c r a f t  pasicions Pn x , y , z  coordina tes  and a i r c r a f t - t o -  
a i r c r a f t  range using the instrumented ( t r a i l i n g )  a i r c r a f t  as 
the refere~tce point, Accuracies of 4- 190 f t .  w i l l  s u f f i c e ,  
- 
Range t2ming is a l s o  aeeded with the  d a t a ,  
Miscellaneous: 
It was suggested t o  the contac t  t h a t  t h e  FPQ-6 and FPS-16 r ada r s  
p re sen t ly  loca ted  on Wallops I s land  be  considered f o r  present  
t e s t i n g  . 2.01 
Real World Cue Display 
Contacts : Henry C. Elkins  and Richard N. Sawyer contacted 
s e p a r a t e l y .  A later con tac t  was made w i t h  Gene 
Mo en. 
Ai rcraf  t : Only a  s i n g l e  a i r c r a f t ,  t h e  SN3A h e l i c o p t e r ,  w i l l  be 
involved i n  t e s t i n g .  
Descript ion:  As t h e  a i r c r a f t  makes a s t e e p  approach, r ada r  
t r ack ing  d a t a  is  used t o  p o s i t i o n  a  TV c m e r a  over  
a r e l i e f ,  s c a l e  model of t h e  a i r p o r t  and c o u n t q s i d e  
t o  provide a received video s i g n a l  a s  i t  would q p e a r  
from t h e  a i r c r a f t ,  The video is  t e l m e t e r e d  t o  t h e  
a i r c r a f t  f o r  use i n  a TV-type d isp lay .  Continuous 
t r ack ing  wi th  360 deg, coverage i s  requi red ,  TrackJ.ng 
w i l l  sometimes be needed through touch-and-go and a f t e r  
touchdown. Nighttime t e s t i n g  is  poss ib le .  Tes t ing  
i s  s t i l l  about .18  months i n t o  t h e  fu tu re .  
Data Requirements:* 
To t h e  A i r c r a f t  - Poss ib ly  n o m a l  ILS s i g n a l s ,  
On the  Ground - D i g i t a l  d a t a  a t  10 samples/sec, on x, y ,  z t o  be 
used f o r  TV camera pos i t i on ing  over s c a l e  model and wi th  t h e  
fol lowing accurac ies :  
(1) A t  c lose- in ranges nea r  touchdown, 2 1 f t ,  i n  e 
and - + 2 f t .  i n  x and y. 
(2) A t  long ranges of 3 t o  4 miles, $. 5 f t ,  i n  z and 
+ 25 f t ,  i n  x and y. 
- 
Also, rate data (;, $, i) w i l l  be required to enerate &it 4 
flight d2recror displays a d  w i l l  r@YPraEwr'a$es f l 1 1 2  Ic . / - .  
4rsuld like 2 114 f t . /eec , )  in  k and -d;&ef.f. + 1 r h i a d  1. 
&iiecella=ue: 
in connection with =ti- tracking aide. 
I ,  
